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ABSTRACT AND LIST OF KEY WORDS 

T h i s  document reports the work accomplished during the Phase period 
of performance of Contract NAS8-21205, "Development of Checkout Speci- 
f ica t ions  f o r  New Telemeter Systems". The purpose of this contract  i s  
to: study new and proposed new telemeter systems; and, develop the 
specif icat ions fo r  the checkout equipment required f o r  post-manufacturing 
and prelaunch checkout of selected telemetry systems. During Phase B ,  
information regarding operating parameters, checkout requirements and 
the checkout equipment f o r  several spec i f ic  systems selected by the Con- 
t rac t ing  Officers Technical Representative was gathered and evaluated 
in preparation f o r  Phase C. 

Apollo Applications Program ( A A P )  Telemetry 
Checkout Equipment - Telemetry 
Checkout - Telemetry 
Command and Communications System (CCS) 
Constant Bandwidth 
FM Baseband Structure - Telemetry 
Proportional Bandwidth 
Pulse Amplitude Modulation (PAM) 
Pul se Code Modul a t i  on (PCM) 
Te 1 erne t ry Sys t ems 
Unified Carrier;  Telemetry, Tracking & Command 
Unified S-Band (USB) 
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SECTION 1 

INTRODUCTION AND SUMMARY 

The purpose of t h i s  document i s  t o  report the resu l t s  of Phase B of the 
contract t i t l e d  "Development of Checkout Specifications fo r  New Telemeter 
Systems", number NAS8-21205. 
t o  be accomplished d u r i n g  the contract  with emphasis on t h i s  phase, re- 
su l t s  of t h i s  phase, a work plan fo r  Phase C and a summary of accomplish- 
ments t o  date. 

T h i s  report contains a summary of the work 

1 .1  SCOPE OF THE CONTRACT 

The scope of t h i s  contract includes the study, compilation, evaluation 
and development of checkout specifications fo r  new d a t a  transmission 
techniques, new telemeter proportional bandwidth channels, constant 
b a n d w i d t h  systems, higher transmission frequencies and  other advanced 
telemetry techniques, and  fo r  the post-manufacturinq and prelaunch check- 
o u t  equipment. This study i s  divided into three phases in accordance 
with the program schedule shown on Figure 1-1.  

Phase A consisted of a survey of new and proposed telemeter systems and 
techniques and  fo r  the preparation of a short  description of each, speci- 
fying i t s  s t a t e  of development or i t s  use and i t s  prime developer and  
user. Phase A was of three months duration and the resu l t s  were detailed 
i n  D5-13402.1 

The in ten t  of Phase B i s  to  determine the following i n  regard t o  the sys- 
tems approved by the customer: parameters t o  be measured t o  assure f l i g h t  
readiness; any pecul ia r i t i es  requirinrl special checkout d a t a  t o  be taken 
a t  the subsystem t e s t  level ; i f  available standards suf f ic ien t ly  control 
development and implementation; and ,  i f  the developers' ground equipment 
i s  adequate fo r  post-manufacturing and  prelaunch checkout. 

The task t o  have been accomplished during Phase C was t o  s e l ec t ,  with 
MSFC approval, one or more systems from those studied during Phase B and 
develop the requirements for  ground equipment changes necessary t o  pro- 
vide adequate post-manufacturing and prelaunch checkout of these systems. 
The Phase C t ask  recommendations have been changed a t  the request of 
MSFC. The new task objectives are  detailed in Section 3.0. 

'D5-13402, "Phase A Report: Development of Checkout Specifications 
fo r  New Telemeter Systems", The Boeing Company, October 1 2 ,  1967. 
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1 .2  PHASE B SUMMARY 

Phase B progressed accordinq t o  the program schedule of Figure 1-1.  
was determined during Phase A t h a t  the areas t h a t  s h o u l d  be studied d u r -  
i n g  t h i s  phase include the following telemetry systems and techniques t h a t  
have a h i g h  probabili ty of application t o  MSFC responsible programs: U n i -  
f ied S-Band systems, constant and Proportional Bandwidth systems, PCM sys- 
tems, and On-board Data Management systems. 

I t  

Upon review of the Phase A report by the Contracting Officers Technical 
Representative, i t  was determined t h a t  more specif ic  areas of study were 
t o  be the subject of the Phase B e f for t .1  
techniques, selected by the contract Technical Supervisor, and the level 
of detai l  f o r  each are as follows: 

These more specif ic  systems and 

a .  Unified S-Band and S a t u r n  Command a n d  Communication System 

1 .  

2 .  

3. 

4. 

5. 

Determine those parameters which must be measured t o  assure the 
f l i g h t  readiness of the subject system a t  the "systems checkout 
1 eve1 ' I .  

Determine the existence o f  any pecular i t ies  o f  the system t h a t  in- 
dicate the need for special checkout data t o  be taken a t  the com- 
ponent or subsystem t e s t  l eve l .  

Evaluate the developers' proposed qround equipment and determine 
i t s  a b i l i t i e s  t o  acquire the parameters defined by ( 1 )  and ( 2 ) .  

Determine i f  available standards are  suf f ic ien t  t o  control fur ther  
development and implementation. Sugqest supplemental standards. 

Determine the best confiquration fo r  a Checkout Ground S t a t i o n  i n  
l i gh t  of the integrated functions of t h i s  type of system. 

b. Auxiliary Storage and Playback (ASAP) 

Same as a .  ( 1 )  t h r o u g h  ( 4 )  above. 

c.  Experiment Data Acquisition System ( E D A S )  

Same as a .  ( 1 )  t h r o u q h  ( 4 )  above. 

d .  Constant Bandwidth 

1 .  Same as a .  (1  ) t h r o u g h  ( 4 )  above. 
2.  Investigate optimum relationship between proportional and  constant 

bandwidth systems checkout equipment. 

'Let ter  PR-SC, Subject: "Contract NAS8-21205, Phase B Study", 
To: A. M. Vendettuoli (Boeing), From L. Garrison (NASA-MSFC 
Contracting Officer) , January 11, 1968. 

1-3 
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1 . 2  (Con t i nued ) 

e.  PCM and PAM 

Explore possible checkout problems and t h e i r  solut ions,  b o t h  in tech- 
niques and equipment, as  higher pulse ra tes  and special codinq techni- 
ques a re  used. 

f .  Proportional Bandwidth 

Review present MSFC and MSFC Contractor checkout techniques and deter-  
mine i f  a l l  t h a t  i s  needed is  being done, i f  i t  i s  being done properly 
a n d ,  i f  any unnecessar-y t e s t s  a re  beinq conducted. 

A detailed report of the resu l t s  of the above areas of study are  presented 
in Section 2.  

The recommended program plan f o r  Phase C i s  contained in Section 3. 
of the recommended tasks exceed the budget allocation f o r  t h i s  contract;  
a n d ,  i f  a l l  the tasks are desired additional e f f o r t  must be negotiated. 

Some 

1-4 
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SECTION 2 

PHASE B STUDY RESULTS 

2.0 INTRODUCTION 

This  sec t i on  conta ins a d e t a i l e d  d iscuss ion o f  t h e  areas o f  s tudy f o r  
Phase B as requested by the  Contract ing O f f i ce r ' s  Technical Representa- 
t i v e  a f t e r  a review o f  the  r e s u l t s  o f  Phase A. I n  add i t ion ,  a r e p o r t  
on the market survey f o r  new systems dur ing  t h i s  phase i s  given. 
b ib l i og raphy  of t he  techn ica l  ma te r ia l  used dur ing  t h i s  phase i s  con- 
ta ined  i n  Appendix B. 

A 

2.1 APOLLO U N I F I E D  S-BAND AND SATURN COMMAND AND COMMUNICATION SYSTEMS 

U n i f i e d  S-Band (USB) c a r r i e r  communications systems f o r  t ransmiss ion of 
i n fo rma t ion  t o  and from the Manned Space F l i g h t  Network (MSFN) are em- 
p loyed on both the  Saturn V launch veh ic le  and t h e  Apo l lo  spacecraf t .  
Two USB systems are employed on the  Apo l lo  spacecraf t ;  t he  Command and 
Serv ice module, Un i f i ed  S-Band (CSM-USB), p a r t  o f  the Communication and 
Data Subsystem, and the  Lunar Module USB (LM-USB). The Saturn V system 
i s  the  I U  Command and Communication System (CCS) .  A l l  t h ree  are b u i l t  
by Motorola. 
the USB r e l a t e d  t o  down-link t ransmiss ion o f  te lemet ry  data. 

This  sec t i on  w i l l  p r i m a r i l y  deal w i t h  those po r t i ons  o f  

A u n i f i e d  c a r r i e r  communications system t ransmi ts  and receives several  
k inds o f  in fo rmat ion  such as t rack ing ,  ranging, voice, te lemet ry  and 
commands on one RF c a r r i e r .  The var ious data func t ions  u s u a l l y  phase o r  
frequency modulate subcar r ie rs  and then t h e  frequency mu1 t i p l e x e d  com- 
b ined s igna l  i s  used t o  angle modulate the  RF c a r r i e r .  The subcar r ie rs  
f o r  a l l  systems are  se lec ted  t o  minimize mutual i n te r fe rence  and be com- 
p a t i b l e  w i t h  the  MSFN s ta t i ons .  
ground s t a t i o n  i s  received and demodulated by a c a r r i e r - l o c k  phase de tec tor .  
Subcarr i  e r  demodulators then coherent ly  de tec t  i nformat i  on associated 
wi th  each subcar r ie r .  
techniques i n  the  spacecraf t  t o  coherent ly  r e l a t e  the  received and t rans -  
m i t t e d  c a r r i e r s .  The psuedo-random no ise  (PRN) ranging code on t h e  up- 
l i n k  c a r r i e r  i s  demodulated i n  the  rece ive r  and d i r e c t l y  used t o  modulate 
the  down-link c a r r i e r .  
spacecra f t  rece ive r - t ransmi t te r  i s  a phase-locked transponder f o r  t r a c k i n g  
and ranging p lus  rece ive r  demodulators t o  separate such in fo rma t ion  as 
up-voice and up-commands and a t r a n s m i t t e r  capable o f  a l so  modulat ing 
vo ice and te lemet ry  on the  down-l ink c a r r i e r .  

The angle-modulated s igna l  from the  

The u n i f i e d  c a r r i e r  system uses phase-locked loop 

Thus the  code i s  s imply  tu rned around. The 

The r a t i o  of dow - l i n k  t o  u p - l i n k  RF c a r r i e r  f requencies ( turn-around 
o r  o f f s e t  r a t i o )  f o r  a l l  MSFC USB systems i s  240. The ac tua l  frequency - P 

22 1 

1Turn-around r a t i o  i s  sometimes used t o  i n d i c a t e  the  frequency r a t i o  o f  
down-link t o  u p - l i n k  RF c a r r i e r ,  as here, w h i l e  a t  o the r  times i t  i s  used 

t o  i n d i c a t e  the  r a t i o  o f  down-link t o  u p - l i n k  modulat ion index o f  the  c a r r i e r s .  

2-1 



D5-13402-1 

2.1 (Con t i n ued) 

rece ived  a t  t h e  MSFN ground s t a t i o n s  d u r i n g  a m iss ion  i s  (204/221) FT + D 
where FT i s  t h e  a c t u a l  t r a n s m i t t e d  frequency from t h e  ground s t a t i o n  and 
D i s  t h e  two way dopp ler  s h i f t  frequency, which has a maximum va lue  
d u r i n g  e a r t h  escape v e l o c i t y  o f  200 KHz. I n  event  o f  loss o f  phase-lock 
i n  t h e  spacec ra f t  r e c e i v e r  an a u x i l i a r y  o s c i l l a t o r  w i l l  determine t h e  
down-l ink frequency. 
frequencies b u t  d u r i n g  a m iss ion  they  w i l l  n o t  be s imu l taneous ly  t r a n s -  
m i  t t i n g .  

The USB frequency spectrum f o r  u p - l i n k  co mun ica t ion  t o  t h e  spacec ra f t  
and launch v e h i c l e  i s  shown i n  F igu re  2-1.p The spectrum inc ludes  t h e  two 
RF c a r r i e r s  used f o r  t h e  CSM and f o r  e i t h e r  t h e  LM o r  t h e  CCS. The sub- 
c a r r i e r s  are f o r  vo i ce  and command data.  The frequency spec rum o f  t h e  
va r ious  USB space borne t r a n s m i t t e r s  i s  shown i n  F igure  2-2.: Only t h e  
two h ighes t  c a r r i e r s  a r e  coheren t l y  r e l a t e d  t o  t h e  r e c e i v e r  f requenc ies .  
The RF c a r r i e r  a t  2277.5 MHz i s  t h e  I U  (S-IVB) S-Band t ransmiss ion  l i n k  
sending PCM/FM o n l y  and i s  n o t  a u n i f i e d  c a r r i e r .  
i s  t h e  CSM FM l i n k  p r i m a r i l y  f o r  wide band t e l e v i s i o n  data. 

The LM-USB and Saturn CCS share t h e  same RF c a r r i e r  

The lowest  c a r r i e r  

2.1.1 U n i f i e d  S-Band Systems o f  t h e  Manned Space F l i g h t  Network 

The va r ious  USB systems employed by t h e  MSFN have, o f  necess i t y ,  many 
s i m i l a r i t i e s .  These s i m i l a r i t i e s  are shown on Table 2-1. A l l  t h e  
spaceborne systems must be compat ib le w i t h  t h e  same ground s t a t i o n s .  
Not a l l  t h e  systems have t h e  t o t a l  c a p a b i l i t y  t h a t  t h e  CSM-USB has b u t  
each p o r t i o n  o f  t h e  u n i f i e d  c a r r i e r  t h a t  i s  employed by a system i s  t h e  
same f o r  a l l  systems. 

2.1 . 1 . 1 

The f o l l o w i n g  t h r e e  u p - l i n k  i n f o r m a t i o n  sources may modulate t h e  RF 
c a r r i e r  i n  any combination o f  one o r  more a t  a t ime. 

Up-Li n k Communi c a t i  on S i  gnal  s 

a. Up-Link Command Data 

The CSM and t h e  CCS both accept command data  f o r  updat ing  t h e  on- 
board computer. 
t i o n s  i s  a Gemini t ype  system. Each command word c o n s i s t s  o f  35 data 
b i t s .  
each da ta  b i t  i s  d i v i d e d  i n t o  f i v e  sub -b i t s  whose p a t t e r n s  a r e  chosen 

The D i g i t a l  Command System (DCS) i n  t h e  MSFN s t a -  

I n  o r d e r  t o  ensure t h a t  each command message i s  decoded p r o p e r l y  

'Proceedings o f  t he  APOLLO UNIFIED S-BAND TECHNICAL CONFERENCE, 

'Manned Space F1 i g h t  Network Ground Systems , MG401, February 1967, 

NASA 
SP-87, Goddard S p a c e f l i g h t  Center, J u l y  14-15, 1965 

(NASA Cont rac t  NAS5-9870). 

2-2 
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USB SYSTEM SIMILARITIES 

USB COMMUNICATION 
LINK CHARACTERISTIC 

UP-LINK 

PM Coherent RF C a r r i e r  

Command Data 

Voi ce 
PRN Range Code 

Transponder Frequency 
Turn-Around R a t i o  

DOWN- L I N K 

PPI Coherent RF C a r r i e r  

FM Non-Coherent RF C a r r i e r  

PCM Telemetry 

Voi ce 

Ranging 

Te 1 e v i  s i  on 

Back-up Voice 

Emergency Key 

B i  omedi c a l  Data 

PARAMETER 

2101.8 MMz 
21 06.40625 MHz 

70 KHz PM Subcarr 

30 KHz FM Subcarr 
PM on RF C a r r i e r  

e r  

e r  

240/221 

2287.5 MHz 
2282.5 MHz 

2282.5 MHz 
2277.5 MHz 
2272.5 MHz 

PM on 1.024 MHz Sub- 
c a r r i e r ,  PM on RF 
C a r r i e r  

FM on 1.25 MHz Sub- 
c a r r i e r ,  PM on C a r r i  ei 
FM on C a r r i e r  

FM on 1.25 MHz Sub- 
c a r r i e r ,  FM on RF 
C a r r i e r  

PM on RF C a r r i e r  

FM on RF C a r r i e r  

PM on RF C a r r i e r  

Keyed 512 KHz Sub- 
c a r r i e r  on PM RF 
C a r r i e r  

FM on 1.25 MHz Sub- 
c a r r i e r ,  FM on RF 
c a r r i e r  - Relayed f r  

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

n LV 

SY STI 
LM 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

I 
ccs 
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2.1.1.1 (Continued) 

a. (Continued) 

f o r  optimum' d i f f e r e n t i a t i o n  between b ina ry  ones and zeros o f  the  data 
b i t s .  The sub -b i t  r a t e  i s  1000 b i t s  per  second. The modulat ion 
method used by t e DCS i s  r e f e r r e d  t o  as Phase s h i f t  keyed (PSK) base- 
band modulation.' The 1 k i l o b i t  NRZ d i g i t a l  command message i s  used 
t o  phase s h i f t  key a 2 KHz s ine  wave. 
modulat ion.  This  PSK s igna l  i s  summed w i t h  a 1 KHz reference s igna l  
t o  form a composite baseband waveform as shown on F igure 2-3. 
baseband s igna l  then frequency modulates a 70 KHz subcar r i e r  which 
i s  combined w i t h  the  vo ice  subcar r i e r  and ranging code t o  phase 
modulate t h e  S-Band RF c a r r i e r  (PSK/FM/PM) . 

This  i s  a l so  c a l l e d  bi-phase 

This  

b. Up-Link Voice Transmission 

The vo ice baseband i s  an analog waveform w i t h  most o f  the  energy be- 
tween 300 Hz and 2300 Hz. The baseband'signal frequency modulates 
a 30 KHz subcar r i e r  which i n  t u r n  i s  combined w i t h  the  o the r  u p - l i n k  
i n fo rma t ion  t o  phase modulate the  RF c a r r i e r .  Only the CSM and LM 
rece i  ve vo i  ce. 

c. Pseudo Random Noise (PRN) Range Code 

Ranging measurements made by the  MSFN employ the  Mark I Ranging sub- 
system developed by JPL. This  system measures the  round t r i p  pro-  
pagat ion t ime o f  a s igna l  from a MSFN ground s t a t i o n  t o  a spacecraf t  
transponder and back t o  the  ground s ta t i on .  The range code employed 
by the  MSFN i s  a combination o f  f i v e  codes which repeats approximately 
every 5.4 seconds. 
meters. 
from e a r t h  t o  the  maximum range and back. This  prov ides an unam- 
biguous response from the  spacecraf t  transponder t h a t  can be con- 
t i nuous ly  evaluated. 
b i t  p e r i o d  corresponds t o  300 meters o f  round t r i p  d is tance o r  150 
meters o f  one way range. 
p l i s h e d  us ing  the  doppler  s h i f t  o f  the  coherent c a r r i e r  frequency. 
Due t o  the  i n t e g r a l  r e l a t i o n s h i p  o f  frequency and phase o f  the  re -  
ce ived and t ransmi t ted  c a r r i e r s ,  there  i s  a t h e o r e t i c a l  ranging 
accuracy o f  one meter a t  l u n a r  distance. 
l a t e s  the  RF c a r r i e r  t o  a peak phase s h i f t  o f  0.6 radians. 
spacecraf t  transponders, CSM, LM and CCS rece ive  and re t ransmi t  t h e  
ranging code. It i s  used on ly  f o r  backup, however, on the  CCS. 

This corresponds t o  a range o f  over 800 m i l l i o n  
The code w i l l  n o t  repeat dur ing  the t ime o f  propagat ion 

This code has a b i t  r a t e  o f  992.834 kbps. Each 

Fu r the r  r e s o l u t i o n  o f  the  range i s  accom- 

The range code phase modu- 
A l l  t h ree  

'COMMAND SYSTEM DESCRIPTION, MSFC 11 1-5-509-8, I B M  67-966-0007, 
June 1, 1967 
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2.1.1.2 Down-Link Communications Signals  

The RF c a r r i e r  i s  received by the  spaceborne transponder i n  the  coherent 
mode. The transponder generates an S-Band c a r r i e r  f o r  t he  down-link co- 
h e r e n t l y  r e l a t e d  i n  phase t o  the  up l i n k  c a r r i e r  and r e l a t e d  i n  frequency 
by a r a t i o  o f  240/221, down-link t o  up- l ink .  There are  n ine  sources o f  
modulat ion i n t e l l i g e n c e  which may modulate the  down-link RF c a r r i e r s .  
Some are  pr imary communication l i n k s  wh i l e  o thers  are f o r  back-up on ly .  
They are:  

a. 

b. 

C. 

d. 

e. 

f. 

g. 

PRN Range Code - The range code sent  f rom the  ground i s  rece ived and 
re t ransmi t ted  by the  spacecra f t  transponder. 
unchanged b u t  t he  r a t e  i s  changed s l i g h t l y  due t o  the  doppler f r e -  
quency s h i f t  (two way s h i f t ) .  
o the r  modulat ion sources t o  phase modulate the  down-link RF c a r r i e r .  

The b ina ry  code i s  

This  range code i s  summed w i t h  the  

PCM Telemetry - The down-link te lemet ry  data from the  CSM, LM and CCS 
i s  PCM NRZ. 
b i t  r a t e  can be e i t h e r  51.2 kbps (normal ) o r  1.6 kbps (reduced). 
For a l l  systems, the  s e r i a l  d i g i t a l  data f i r s t  bi-phase modulates a 
1.024 MHz subcar r i e r  which i s  then summed w i t h  o the r  data and t rans -  
m i t t e d  on e i t h e r  the  PM c a r r i e r  o r  the  FM c a r r i e r .  

The b i t  r a t e  o f  t he  CCS i s  72 kbps w h i l e  the  CSM & LM 

Voice - The vo ice  s igna l ,  l i k e  the  up - l i nk ,  contains most of i t s  
energy between 300 Hz and 2300 Hz. This  s igna l  f i r s t  frequency modu- 
l a t e s  a 1.25 MHz subcar r i e r  and i s  then summed w i t h  o the r  i n fo rma t ion  
and t ransmi t ted  v i a  e i t h e r  the  PM o r  FM c a r r i e r .  

Emergency Voice - The vo ice  baseband s igna l  can a lso  be used t o  d i -  
r e c t l y  phase modulate the  PM c a r r i e r .  

Biomedical Telemetry - During ex t ra -veh icu la r  a c t i v i t i e s ,  an FM/FM 
system i n  the  ex t ra -veh icu la r  m o b i l i t y  u n i t  sends seven channels o f  
data back t o  e a r t h  us ing  the  CSM as a re lay .  
(4  KHz, 5.4 KHz, 6.8 KHz, 8.2 KHz, 9.6 KHz, 11.0 KHz and 12.4 KHz) 
a re  t ransmi t ted  v i a  VHF t o  the  CSM where they are demodulated and 
then the  summed FM baseband s igna l  i s  summed w i t h  the  baseband vo ice  
s igna l .  Th is  composite s igna l  then frequency modulates the  1.25 MHz 
vo ice  subcar r i e r  which i s  then t ransmi t ted  on the  PM o r  FM l i n k .  

The seven channels 

Te lev i s ion  - The down-link t ransmiss ion o f  TV from the  CSM and LM, 
when used, i s  o f  non-standard frame r a t e  and l i n e  format. 
baseband i s  500 KHz which frequency modulates the  FM c a r r i e r .  

Emergency Key - As a l a s t  r e s o r t  communication l i n k  w i t h  the  ground, 
a hand keyed Morse code s igna l  can be sent  from the  CSM and LM. 
The baseband key s igna l  i s  used t o  gate on and of f  a 512 KHz square 
wave which i s  f i l t e r e d  t o  produce a keyed 512 KHz subcar r ie r .  This 
subcar r i e r  then phase modulates the  PM c a r r i e r .  

The TV 
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2.1.1.2 (Continued) 

h. Recorded PCM Telemetry and Voice - The CSM conta ins the  o n l y  record  
c a p a b i l i t y  b u t  i t  can be used t o  rece ive  and record  LM PCM data 
along w i t h  i t s  own data. The recorded PCM bi-phase modulates a 
1.024 MHz subcar r i e r  ( d i f f e r e n t  than t h e  r e a l  t ime PCM subcar r i e r ) .  
This subcar r i e r  can then be combined w i t h  o the r  subcar r i e rs  f o r  
t ransmiss ion on e i t h e r  the  PM o r  FM l i n k .  Recorded and r e a l  t ime 
te lemet ry  cannot be t ransmi t ted  s imultaneously on the  same RF c a r r i e r .  
LM vo ice  can a l so  be s to red  on the  CSM data s torage equipment. The 
recorded vo ice  can be p layed back a t  a h igher  speed ( 3 2 : l )  and f r e -  
quency modulates a 1.25 MHz subcar r i e r  ( d i f f e r e n t  subca r r i e r  module 
than r e a l  t ime vo ice) .  Th is  vo ice modulated subcar r i e r  i s  then 
summed w i t h  o t h e r  i n fo rma t ion  and t ransmi t ted  v i a  e i t h e r  the  FM o r  
PM l i n k .  As w i t h  recorded PCM, t he  recorded and r e a l  t ime vo ice 
cannot s imultaneously share the  same RF c a r r i e r .  I n  add i t i on ,  due 
t o  the  h igher  bandwidth o f  t he  played back voice, t he  EVA biomedical 
data cannot be summed w i t h  recorded voice.  

i. S c i e n t i f i c  Data - Three channels o f  s c i e n t i f i c  data frequency modu- 
l a t e d  on p ropor t i ona l  bandwidth FM/FM subcar r i e rs  i s  a v a i l a b l e  on the  
CSM down-link FM communication channel. Th is  data would n o t  be sent  
du r ing  the  t ime TV i s  t ransmi t ted .  The th ree  p ropor t i ona l  bandwidth 
channel cen ter  f requencies are  95 KHt,  125 KHz and 165 KHz. 

2.1.2 Apo l lo  U n i f i e d  S-Band Systems 

As mentioned p rev ious l y  both t h e  CSM and LM employ u n i f i e d  ( i n teg ra ted )  
c a r r i e r  S-Band systems. They are  s i m i l a r  i n  many ways and w i l l  be d i s -  
cussed together .  

The CSM Communication and Data Subsystem cons is ts  o f  ten  components. 
Those components r e l a t e d  t o  down-l ink te lemet ry  on l y  a re  shown i n  the  
b lock diagram o f  F igure  2-4. The CSM-USB can simultaneously t ransmi t  
PM & FM on separate c a r r i e r s  w h i l e  r e c e i v i n g  the  up - l i nk  c a r r i e r .  Tele- 
metry data may be t ransmi t ted  on the  PM o r  PM and FM l i n k s  s imultaneously.  
The CSM te lemet ry  l i n k s  t o  the  ground s t a t i o n s  a r e  PCM/PM/PM, PCM/PM/FM, 
FM/FM s c i e n t i f i c  data and biomedical data, both FM/FM/PM and FM/FM/FM. 

There a re  ten  d i f f  r e n t  c a r r i e r  combinations o f  t he  CSM t o  MSFN phase 
modulated c a r r i e r . ?  These opera t ing  modes a r e  shown i n  Table 2-11. Some 
o f  these modes are  f o r  emergency such as 6 and 10. 
l a t e d  c a r r i e r  f o r  communication between t h e  CSM and the  MSFN has f i v e  
c a r r i e r  combinations which are  shown i n  Table 2-111. Both the  PM and FM 
l i n k  can be used t o  t ransmi t  t he  PCM data. S c i e n t i f i c  data i s  t ransmi t ted  

The frequency modu- 

'COMMUNICATION AND DATA SUBSYSTEMy Nor th American Rockwell Procurement 
Spec i f i ca t i on  MC901-0712, February 7, 1967 

2-9 



D5-13402-1 

- - I -  - - I - -  ---- 

n 

m 

n 

z 
I 

v, 

LLI 

LL 

z 
3 

H 

H 

d 
I 

c\I 

2-10 



, 
D5-13402-1 

TABLE 2-11. CSM TO MSFN S-BAND TRANSMISSION COMBINATIONS (PM MODE) 
(2287.5 MC CARRIER) 

MODE 

1 

2 

3 

4 

5 

6 

7 
8 

9 

10 

I NFORMATI ON 

Car r i e r ,  Voi ce 
51.2 KBPS TM 

C a r r i e r ,  PRN 
Voice 

CSM 51.2 KBPS TF 

C a r r i e r ,  PRN 
Voi ce 

CSM 1.6 KBPS TM 

C a r r i e r ,  Voice 

CSM 1.6 KBPS TM 

C a r r i e r  

CSM 1.6 KBPS TM 

C a r r i e r ,  Key 

C a r r i e r ,  PRN 

C a r r i e r  

Back-up Voice 
CSM 1.6 KBPS TM 

C a r r i e r  

P RN 
1.6 KBPS TM 

C a r r i e r  

Back-up Voice 

MODULATION 
TECHNIQUE 

FM/ PM 

'CM/PM/PM 
I M  on C a r r i e r  

FM/PM 

3CM/ PM/ PM 

3M on C a r r i e r  

FM/ PM 

PCM/PM/PM 

FM/PM 

P CM/ PM/ PM 

P CM/PM/ PM 
AM/PM 

PM on C a r r i e r  

PM on C a r r i e r  

PCM/PM/PM 

PM on C a r r i e r  

PCM/ PM/ PM 

PM on C a r r i e r  

SUBCARRIER 
FREQ UEN CY 

1.250 MHz 

1.024 MHz 

1.250 MHz 

1.024 MHz 

1.250 MHz 

1.024 MHz 

1.250 MHz 

1.024 MHz 

1.024 MHz 
512 KHz 

1.024 MHz 

1.024 MHz 

Baseband 

PEAK 
CARRIER 

PHASE 
IEV I AT1 ON 

0.7 

1.2 
0.20" 

0.7 
1.2 

0.20* 

1.2 
0.7 

1.2 

0.7 

1.6 
1 .o 
0.20* 

0.7 

1.2 

0.20* 

1.6 

1.2 

DEV I AT1 ON 
TO L E RAN C E 

PERCENT 

t20 ,  -10 

+20, -10 
+25, -25 

+20, -10 

t20, -10 

+25, -25 
t20, -10 

t20 ,  -10 

+20, -10 

t20, -10 

t20 ,  -5 
t15,  -10 

+25, -25 

+15, -10 
+20, -10 

+25, -25 

+15, -10 

+15, -10 

*Down PRN rang ing  phase d e v i a t i o n  i s  s e t  w i t h  f u l l  u p - l i n k  modu la t ion  
i n  turn-around channel 
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TABLE 2-111. CSM TO MSFN S-BAND TRANSMISSION COMBINATIONS (FM MODES) 
(2272.5 MHz CARRIER) 

C a r r i e r  
Combinations I n  fo rma t ion  

Playback Voice 
a t  1 : l  

Playback CSM 
51.2 KBPS TM 
a t  1 : l  

P1 ayback 
S c i e n t i f i c  Data 
a t  1 : l  

P1 ayback Voi ce 
a t  32/1 

Playback CSM 1.t 
KBPS TM a t  32/1 

Playback 
S c i e n t i f i c  Data 
32/1 

Playback LEM 1.t 
KBPS Spl i t-Phast 
TM a t  32/1 

Real-Time TV 

Real -Time 
S c i e n t i f i c  Data 

qodul a t i  on 
Technique 

FM a t  Base 
band 

PCM/PM/FM 

FM/ FM 
FM/ FM 
FM/ FM 

FM a t  
Baseband 

P CM/ PM/ FM 

FM/ FM 
FM/ FM 
FM/ FM 

FM a t  
Baseband 

FM a t  
Baseband 

FM/ FM 
FM/ FM 
FM/ FM 

Subcar r i  e r  
Frequency 

- 

1.024 MHz 

95 KHz 
125 KHz 
165 KHz 

- 

1.024 MHz 

95 KHz 
125 KHz 
165 KHz 

- 

95 KHz 
125 KHz 
165 KHz 

Peak 
C a r r i e r  
req  uen cy 
levi a t  i on 

100 KHz 

600 KHz 

75 KHz 
110 KHz 
170 KHz 

100 KHz 

600 KHz 

75 KHz 
110 KHz 
170 KHz 

200 KHz 

1 MHz 

75 KHz 
110 KHz 
170 KHz 

Devi a t i o n  
To1 erance 

Percent 

+20, -40 

+15, -15 

+15, -15 
+15, -15 
+15, -15 

+20, -40 

+15, -15 

+15, -15 
+15, -15 
+15, -15 

+25, -50 

+ lo ,  -10 

+15, -15 
+15, -15 
+15, -15 
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via the FM l ink on three proportional bandwidth subcarriers which a re  
non-IRIG center frequencies of 95 KHz and 125 KHz and 165 KHz, IRIG. 
During EVA, seven FM channels of biomedical data a re  transmitted via 
VHF/AM from the LM t o  the CSM and then time shared w i t h  playback voice 
on the S-band FM l ink o r  combined w i t h  real time voice on the PM l ink.  
The seven SCO's are  from 4 KHz t o  12.4 KHz and are  a lso non-IRIG f re -  
quencies. Some typical u p - l i n k  and down-link spectrums f o r  the various 
c a r r i e r  combinations a re  shown i n  Figure 2-5. The following paragraphs 
describe the CSM components shown i n  Figure 2-4. 

The PCM telemetry component provides outputs of 51.2 k i lob i t s  and 1.6 kilo- 
bits i n  NRZ-C ( L )  format consisting of 8 b i t  binary coded data words w i t h  
the most s ignif icant  b i t  f i r s t .  A binary one in the l e a s t  s ign i f icant  
b i t  and a l l  other b i t s  zero indicates a zero voltage. 
accepts only posi t ive voltages. Each subsequent b i t  is weighted a t  19.7 
mi l l ivo l t s  f o r  a maximum output of binary 254 o r  4.98 volts.  A GSE out- 
p u t  of s e r i a l  RZ i s  provided w i t h  95n output impedance: "1" = 4.5; 
+ 2.0,- . 5  VDC and a "0" = O V ;  + . 2 , -  0.0 VDC. 
of the 512 KHz clock i s  2 parts per million and the short  term s t a b i l i t y  
i s  + 19.5 nanoseconds. The b i t  j i t t e r  is .8% of a b i t  period. This 
512-KHz clock i s  also sent t o  the premodulation processor t o  generate 
the 1.024 MHz subcarrier.  

The PCM system 

The long term s t a b i l i t y  

The PCM format synchronization code i s  32 b i t s  including 6 frame ident i -  
f icat ion bits. 
word i s  inserted every second. The normal format i s  51.2 kbps and con- 
sists of 6400 eight b i t  words and is  called a sub-frame. The sub-frame 
corresponds to  the minimum number of words , to sample a l l  i n p u t s .  T h u s ,  
a l l  data i s  contained i n  one sub-frame. 
frames containing 128 eight b i t  words each. 
of each prime frame contain the frame sync. 
ident i fy  which of the 50 prime frames i t  is. 
kbps  consisting of 200 eight b i t  words which const i tutes  one frame and i t  
repeats mce  per second. 
sync. 

An 8 b i t  format ident i f icat ion (51.2 kbps o r  1.6 kbps )  

Each sub-frame contains 50 prime 
The f i r s t  4 words (32 b i t s )  
The l a s t  6 bi ts  of the sync 
The reduced format i s  1.6 

Again the f i r s t  4 words o f  the frame are  frame 

The Premodulation Processor (PMP) i s  the interface between a1 1 components 
of the Communication and Data Subsystem. 
not d i rec t ly  re la ted t o  any of the other  subsystem components. The PMP 
contains most of the operating mode switching, sub-carrier o sc i l l a to r s ,  
discriminators, mixers, modulators and other c i rcu i t ry  necessary t o  
sa t i s fy  i t s  varied interface requirements. The PMP accepts the NRZ-L 
PCM data from e i t h e r  the PCM telemetry o r  the Data Storage Equipment ,  
bi-phase modulates a 1.024 MHz subcarrier w i t h  this data and i s  subse- 
quently routed t o  e i t h e r  the PM o r  FM exci ter .  
subcarrier frequency i s  locked t o  the 512 KHz reference i n  the PCM 

The PMP contains a l l  functions 

The 1.024 MHz telemetry 

2-1 3 



t 

D5-13402-1 

PM VOICE SUBCARRIER 

RANGE CODE ENVELOPE 

f,= 2106.4 Mc  

f, + 30 Kc 

a -Full up-link spectrum with the’range of c o d e ,  
v o i c e ,  and up-data subcarriers. 

TELEVISION TM SUBCARRIER RANGE CODE . -  

ENVELOPE 

I 
I 
I 
I 

\FM CtRRIER 

/ 
f, ~ 2 2 7 2  . iMc / \ f i1=2287.5MC 

f,, - 1.25 Mc f,, - I  .O24 M c  

b -Typical down-link spectrum. 

VOICE 
SUBCARRIER 

fo2 ~ 2 2 7 2 . 5  Mc 

C -Typical down-link spectrum 
with a normal PM mode. 

PM CARRIER 
RANGE CODE ENVELOPE I /  TM SUBCARRIER 

OR 

TM SUBCARRIER, I , VOICE DIRECTLY O N  CARRIER 

\c 
I 

I t 
I f, + 1.024 Mc 

fo = 2287.5 Mc 

d -Cont ingency down-link spectrum, 

FIGURE 2-5 T Y P I C A L  CSM RF SPECTRUMS FOR VARIOUS CARRIER COMBINATIONS 
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2.1.2 (Continued) 

te lemet ry  component. 
180" + 10" phase s h i f t  d i f fe rence between a b ina ry  "0" and a "1" . 
signaT-to-noise o f  the  PCM processing c i r c u i t 7  i n  the  PMP a re  such t h a t  
no more than 1 erroneous b i t  w i l l  occur i n  10 b i t s .  

The modulat ion o f  t h i s  subcar r i e r  i s  bi-phase w i t h  
The 

The PMP a l s o  conta ins SCO's  f o r  th ree  channels o f  r e a l  t ime analog 
s c i e n t i f i c  data. 
frequencies are 95 KHz, 125 KHz (both non-IRIG) and 165 KHz w i t h  s t a b i l i t y  
o f  +0.15% and l i n e a r i t y  dev ia t i on  o f  l ess  than 0.15% from the  bes t  s t r a i g h t  
l i n e .  The dev ia t i on  s e n s i t i v i t y  i s  3% o f  cen ter  frequency per  v o l t  i npu t .  
The modulat ion index i s  2.5, and t h e  subcar r i e r  dev ia t i on  i s  - +7.5%. The 
combined s c i e n t i f i c  da ta  i s  t ransmi t ted  on the  FM l i n k  on ly .  

The U n i f i e d  S-Band Equipment (USBE) component prov ides recept ion  , t rans-  
mission, c a r r i e r  modulat ion and demodulation c a p a b i l i t i e s  requ i red  o f  
t he  communications subsystem. The USBE a l s o  prov ides PRN ranging and 
t r a c k i n g  by r e c e i v i n g  and t r a n s m i t t i n g  i n  phase coherence. 
must operate i n  con junc t ion  w i t h  an ou tpu t  power a m p l i f i e r  and an i n p u t  
premodul a t i o n  processor. 

The SCO's accept 0 t o  5V inputs .  The subcar r i e r  cen ter  

The USBE 

The USBE component cons is ts  o f  two redundant PM transponders and an FM 
t r a n s m i t t e r  ( f o r  c l a r i t y  on l y  one transponder i s  shown on F igure 2-4). 
The r e c e i v e r  frequency i s  2106.40625 MHz w i t h  a VCO s t a b i l i t y  o f  +0.002%. 
The PM t r a n s m i t t e r  frequency i s  240/221 t imes t h e  received frequency i n  
the  phase lock  mode o r  2287.5 MHz + 0.0015% i n  the  a u x i l i a r y  o s c i l l a t o r  
mode. The modulat ion s e n s i t i v i t y  7 s  1 rad ian  o f  peak c a r r i e r  phase 
dev ia t i on  f o r  1 v o l t  inpu t ,  up t o  2.4 radians maximum dev ia t ion .  The 
output  power i s  400 m i l l i w a t t s  {h igh )  o r  275 mw (reduced). 
t r a n s m i t t e r  r e s t  frequency i s  2272.5 MHz + 455 KHz. The modulat ion 
s e n s i t i v i t y  i s  1 MHz c a r r i e r  dev ia t i on  f o r  1 v o l t  i n p u t  f o r  frequencies 
from 300 Hz t o  1.2 MHz. The TV modulat ion i n p u t  i s  1 MHz/vol o f fset  
f o r  1.3 v o l t  i n p u t  f o r  a center  frequency from DC t o  500 K H z . ~  The 
FM t r a n s m i t t e r  power ou tpu t  i s  145 m i l l i w a t t s  (h igh  and 100 m i l l i w a t t s  
(reduced). 

The FM 

The FM frequency s t a b i l i t y  i s  - + 0.02%. 

The S-Band power a m p l i f i e r  prov ides RF power a m p l i f i c a t i o n  of the  USBE 
outputs.  The phase modulated c a r r i e r  power ou tpu t  i s  11.2 wat ts ,  h igh  
power, o r  2.8 wat ts ,  low power. The frequency modulated c a r r i e r  power 
i s  11.2 watts,  h igh  power, o r  2.5 watts,  low power. 
outputs  are rou ted  through a t r i p l e x e r  t o  se lec tab le  antennas. The 
t r i p l e x e r  enables simultaneous t ransmiss ion o f  t he  PM & FM c a r r i e r s  
w h i l e  r e c e i v i n g  the  u p - l i n k  PM c a r r i e r .  

The power a m p l i f i e r  

Data sheets desc r ib ing  the  CSM-USB system parameters a re  inc luded i n  
Appendix A. 

' C o l l i n s  Radio Co., Data Sheet, See Appendix A 
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2.1.2 (Continued) 

The Lunar Module USB transponder a l so  prov ides up - l i nk  voice,  PRN t u r n -  
around ranging in format ion,  down-link te lemetry ,  voice, emergency keying, 
TV o r  biomedical data t ransmiss ion between the  LM and ear th .  It cons is ts  
o f  a phase-locked transponder, phase modulator, frequency modulator and 
RF power a m p l i f i e r .  
FM d e v i a t i o n  i s  up t o  - +3.5 MHz. 
shown i n  F igure  2-6. 

The peak phase s h i f t  i s  +4 radians f o r  PM and t h e  
The var ious t r a n s m i t t e d  spectrums are  

The RF c a r r i e r  s t a b i l i t y  i n  e i t h e r  FM o r  unlocked PM mode i s  +0.0015%. 
It can be seen from F igure  2-6 t h a t  the  subcar r i e r  f requencieS and t h e  
RF c a r r i e r  turn-around r a t i o  a re  the  same as the  CSM-USB. There i s  no 
requirement f o r  t he  LM t o  s imultaneously t ransmi t  PM and FM so the re  i s  
on ly  one t ime shared RF c a r r i e r  a t  2282.5 MHz. The PCM b i t  ra tes  are  
the  same as the  CSM, 51.2 k i l o b i t s  and 1.6 k i l o b i t s  per  second. 
FM te lemet ry  i s  the seven biomedical subca r r i e rs  ( 4  KHz t o  12.4 KHz, 
non-IRIG) t h a t  a re  conta ined i n  the  ex t ra -veh icu la r  m o b i l i t y  u n i t ,  EMU. 
This i n fo rma t ion  i s  t ime shared w i t h  vo ice on the  1.25 HHz subcar r i e r  
( p a r t  o f  the  CSM down-l ink).  

The o n l y  

Data sheets p rov id ing  a l i s t  o f  LM transponder parameters i s  inc luded 
i n  Appendix A. 

2.1.3 Saturn Command And Communication System 

The CCS i s  a phase-coherent transponder f o r  e s t a b l i s h i n g  a two way 
communication l i n k  between the  inst rument  u n i t  o f  the  Saturn V launch 
veh ic le  and the  USB ground s ta t i ons .  Its f unc t i ons  are t o  rece ive  and 
demodulate command up data f o r  gui  dance computer updat ing , t ransmi t  PCM 
miss ion c o n t r o l  measurements o r i g i n a t i n g  i n  the  S- IVB and I U  t o  the  USB 
ground s t a t i o n s  and as a backup t o  the  prime t r a c k i n g  and ranging equip- 
ment i t  w i l l  rece ive  and t ransmi t  PRN ranging codes. 

During t h e  launch and e a r t h  o r b i t  phases, VHF t r a n s m i t t e r s  a re  the  pr ime 
te lemet ry  source and make CCS te lemet ry  unnecessary. 
approximately 10,000 k i lometers  (5400 n a u t i c a l  m i l es )  and grea ter ,  VHF 
t ransmiss ion i s  inadequate p r i m a r i l y  due t o  spacecraf t  and ground antenna 
gains. A f t e r  i n j e c t i o n  i n t o  t rans1 unar t ra jec to ry ,  t h e  CCS transponder 
and a UHF t r a n s m i t t e r  become the  prime te lemet ry  l i n k s .  The miss ion 
c o n t r o l  data from the  S - I V B  stage and the  I U  a re  in terconnected so t h a t  
both sources of data a re  a v a i l a b l e  a t  both RF l i n k s .  This  makes the  
miss ion c o n t r o l  data double-redundant dur ing  the  launch and e a r t h  o r b i t  
phase. A t  a d is tance o f  approximately 20,000 k i lometers  (10,800 n a u t i c a l  
m i les ) ,  t he  S - I V B / I U  separates from the  spacecraf t  and i s  no longer  
needed f o r  miss ion success. See Figures 2-1 & 2-2 f o r  t h e  up and down- 
l i n k  spectrums. 

A b lock  diagram of  the  CCS transponder i s  shown i n  F igure 2-7. 
t r a n s m i t t e r  sec t i on  o f  t he  transponder conta ins the  c i r c u i t r y  necessary 

A t  d istances o f  

The 
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RANGE CODE 

30 kc VOICE SUBCARRIER 

f, = 2101.8 Mc 

a -Full up-link PM spectrum. 

1.024 Mc TELEMETRY SUBCARRIER 

1.25 Mc VOICE/BIOMED SUKARRIER 

f, * 240/221 x RECEIVED FREQUENCY 

b -Full down-link PM spectrum. 

fc  

f, =240/221 X RECEIVED FREQUENCY 

C -Down4 ink RF spectra for contingency 
modes (PM). 

I 
I '  

1.25 MC VOICE/BIOMED 
SUBCARRIER 

1.024 Mc TELEMETRY 
SUBCARRI ER 

f, = 2282.5 Mc 

d -FM down-link pectrun. 

FIGURE 2-6 TYPICAL LUNAR MODULE RF SPECTRUMS FOR VARIOUS CARRIER 
COMBINATIONS 
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2.1.3 (Continued) 

t o  combine the PRN ranging code and down-link telemetry (mission control 
measurements) and mu1 t i  ply the modulator output t o  S-Band. 

The CCS transponder up-link consists of the PRN ranging code combined 
w i t h  the up-data commands which are  frequency modulated on a 70 KHz sub-  
car r ie r .  This combined signal phase modulates the RF ca r r i e r .  The 
70 KHz command subcarrier i s  frequency modulated by a combined signal 
consisting of a 1 KHz reference signal ( the  sub-bit ra te  of the commands) 
and a phase s h i f t  keyed (PSK) 2 KHz s ine  wave bi-phase modulated a t  the 
sub-bit r a t e  of the command message. This subcarr ier ,  i n  turn, phase 
modulates the RF ca r r i e r  producing PSK/FM/PM a t  21 01.8 MHz. 

The transponder receiver, through mixers and a reference frequency of 
approximately 9.51 MHz down converts the RF c a r r i e r  t o  F ,  See Figure 2-7. 
The reference VCO frequency i s  then compared w i t h  F in a loop phase de- 
tec tor  and any e r ro r  i s  applied t o  the VCO to  lock the VCO in phase and 
frequency relationship to  the received ca r r i e r  which will include a 
doppl e r  shi f t .  
c a r r i e r  frequency. 
will gate out the VCO and allow an auxiliary osc i l l a to r  t o  determine the 
t ransmit ter  ca r r i e r  frequency. 
t o  the ground s ta t ion  without receiving an up-link car r ie r .  

T h i s  VCO frequency wi 11 then determine the t ransmit ter  
In event of loss of  phase lock the AGC o f  the receiver 

Therefore, telemetry data can be sent 

The transponder down-link ca r r i e r  spectrum consists of the received 
ranging code phase modulating the down-link c a r r i e r  which i s  240/221 
times the received frequency or 2282.5 MHz in the unlocked mode. In 
addition a 1.024 MHz subcarrier bi-phase modulated by the 72 kbps NRZ 
PCM telemetry also phase modulates the RF ca r r i e r .  
i s  compatible with the USB ground s ta t ions although i t s  b i t  ra te  i s  
different  from the Lunar Excursion Module and Command and Service Module 
PCM b i t  ra tes .  
the ca r r i e r  t o  2 radians for a peak modulation capabili ty of 4 radians. 
The CCS transponder power o u t p u t  i s  250 mw t o  500 mw. The power ampli- 
f i e r  ra ises  t h i s  t o  15 watts minimum. 

This telemetry data 

Either modulation input may be separately s e t  t o  modulate 

Since the CCS and LM transponders have identical  frequencies, a possi- 
bi 1 i ty  of interference ex i s t s  i f  the two a re  operated simultaneously a t  
close range. 
t ransmit ter  by an external command. 
i n i t i a t e d  before the LM spacecraft transponder i s  used. 
will remain a l ive  so tha t  commands may be received a t  a l l  times. 

The  CCS transponder has the capacity t o  shut down the 
This shut down command will be 

The CCS receiver 

Appendix A provides a tabulation o f  the CCS transponder parameters. 
tes t  requirements f o r  the CCS includin parameters and tolerances are  

The 

available i n  MSFC document 6753-P(TR). ? 

'Saturn Instrumentation Systems Test Requirements, 6753-P(TR), 
MSFC-R-QUAL, May 22,  1967, Changed September 25, 1967 
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2.1.4 U n i f i e d  S-Band System Comparison 

The Saturn CCS, CSM & LM a l l  communicate w i t h  the  same MSFN ground 
s t a t i o n s  and t h e  same general  coding and modulat ion schemes a re  employed. 
The CCS and the  LM share t h e  same RF c a r r i e r  f requencies.  
d e p i c t i n g  the  s i m i l a r i t i e s  o f  t h e  var ious  USB system f u n c t i o n s  and 
opera t i ng  parameters was shown i n  Table 2-1. A comparison o f  t ransponder 
s p e c i f i c a t i o n s  i s  g iven  on Table 2-IV. 
the  s p e c i f i c a t i o n s  and opera t i ng  parameters a re  common i n  most instances.  
The RF c a r r i e r s  a re  d i f f e r e n t  b u t  t h e  o f f s e t  r a t i o  i s  t h e  same, the re fo re ,  
any JPL Mark I type  rang ing  system checkout s t a t i o n  cou ld  be used t o  
eva lua te  ranging. The command up-data b i t  r a t e ,  s u b - b i t  coding and sub- 
c a r r i e r  a re  the  same. 
l a t i o n  method are  the  same, a l though the  b i t  r a t e s  and frame i d e n t i f i c a t i o n  
are d i f f e r e n t .  

A t a b u l a t i o n  

As can be seen from t h e  t a b l e s  

The PCM te lemet ry  s u b c a r r i e r  f requency and modu- 

2.1.5 U n i f i e d  S-Band Developers Proposed Ground Checkout Equipment 

Both Motoro la  and C o l l i n s  r a d i o  have developed checkout s t a t i o n s  f o r  
U n i f i e d  S-Band Systems. 
ponders, has separate checkout s t a t i o n s  f o r  each u n i t .  
Radio Co., system i n t e g r a t o r  f o r  t he  Apo l l o  Communication and Data (CAD) 
Subsystem, a l s o  assembled a checkout s t a t i o n  f o r  t h e  CSM-USB. 

Motoro la ,  t h e  manufacturer  o f  a l l  t he  USB t rans -  
The C o l l i n s  

C o l l i n s  p rov ides  two separate s t a t i o n s  t o  check o u t  t he  complete CAD 
system, c a l l e d  bench maintenance equipment (BME). 
q u i r e d  f o r  t h e  u n i f i e d  S-Band equipment and S-Band power amp l i f i e r ,  t he  
o t h e r  s t a t i o n  i s  f o r  the  remainder of t he  CAD components i n c l u d i n g  t h e  
premodulat ion processor  bu t  n o t  i n c l u d i n g  t h e  PCM te lemet ry .  

Both C o l l i n s  s t a t i o n s  c o n s i s t  o f  commercial ly a v a i l a b l e  t e s t  equipment, 
a spec ia l  t e s t  and maintenance u n i t  (STMU) f o r  each component t o  be 
checked o u t  and some i n t e r f a c e  panels.  
acceptance t e s t s ,  de tec t  and i s o l a t e  mal func t ions  and p rov ide  end t o  end 
t e s t s  of t h e  u n i f i e d  S-Band equipment and power a m p l i f i e r .  It i s  a 
manual ly  operated console c o n s i s t i n g  o f  s i x  racks o f  equipment. 

The Motoro la  equipment used a t  KSC and MSFC cons is t s  o f  f o u r  racks o f  
equipment t h a t  can be used f o r :  
i n  con junc t i on  w i t h  a frequency measuring rack,  open loop  system t e s t .  
Th is  equipment i s  manual ly operated and cons is t s  l a r g e l y  of  s tandard 
t e s t  equipment.1 

One s t a t i o n  i s  re -  

The S-Band BME i s  used t o  per fo rm 

u n i t  t e s t ;  c losed loop system t e s t ;  and, 

The Motoro la  t e s t  s e t  p rov ides  a rang ing  subsystem t h a t  can generate 
and eva lua te  a c t u a l  range codes as used by t h e  MSFN. 

'P re l im ina ry  Handbook f o r  Command and Communication System Test  Set, 
Motoro la  No. 68-26647HY May 1966 
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TABLE 2-IV USB TRANSPONDER SPECIFICATION COMPARISON 

Up-Link Carr ier  
Up-Data Subcarrier 
Up-Voice Subcarrier 
VCO Stabi 1 i ty  

Down-Link Carr ier  
PM Transmi tter-Phase Locked 
PM Transmi t ter -Not  Locked 
FM Transmitter 
Auxi 1 i ary Osci 11 a to r  Stabi 1 it? 
FM Transmitter S t a b i l i t y  
Telemetry Subcarrier 
Voice Subcarrier 

Transmi t/Receive Frequency 
Ratio (Turn-Around Ratio) 

Receiver Dynamic Range 

RF loop Bandwidth 2 BL 

Receiver Command Bandwidth 

Receiver Tracking Range 

Turn-Around Ranging 

Down-Link Informati on 

Transmitter Minimum Power 

Transmitter Modulation 
Bandwidth 

Modul a t i  on Sensi t i  v i  t y  and 
Deviation 

Power Required 

CSM- USB 

2 1 06.40625 MHz 
70 KHz 
30 KHz 

240 
221 X Rcvd Freq. 
2287.5 MHz 
2272.5 MHz 
to .  001 5% 
To. 02% 
T. 024 MHz (PM) 
1.25 MHz (FM) 

- to .  002% 

204/221 

-50 t o  -127 dbm 

800 Hz 

10 t o  100 KHz 
demodulated PM 

t90  - KHz 

PN Code 

Ranging , Doppler 
Voice, Telemetry 
& Video (FM) 

250 mw PM 
100 mw FM 

FMTV-DC t o  500 

FMWB-300 HZ t o  

PMWB-300 HZ t o  

KHz 

1.2 MHz 

1.5 MHz 
PM voice 300 Hz 
t o  10 KHz 

FM-1 MHz/vol t 
PM-1 rad/vol t 
- +4 rad 

16 w 

LM-USB 

2101.8 MHz 
V A  
30 KHz 

240 
221 X Rcvd. Freq. 
2282.5 MHz , 

2282.5 MHz 
to .  001 5% 
F0.0015% 
r.024 MHz (PM) 
1.25 MHz (FM) 

2041 221 

-50 t o  -127 dbm 

800 Hz 

10 t o  100 KHz 
modulated PM 

t90 - KHz 

PN Code 

Ranging , Doppl e r  
Voice, Telemetry 
& Video (FM) 

750 mw 

FMTV-10 HZ t o  

FMWB-300 HZ t o  

PM -300 HZ t o  

PM -300 HZ t o  

500 KHz 

1.5 MHz 

1.5 MHz 

10 KHz 

FMWB-1.5 MHz/V-pea 
FMTV-8.8 MHz/V-pea 
PM -2 rad/V-peak 

38 w 

CCS-USB 

2101.8 MHz 
70 KHz 
N/A 

240 
221 X Rcvd. Freq. 
2282.5 MHz 
N/A 

N/A 
1.024 MHz (PM) 
N/A 

240/ 22 1 

-15 t o  -125 dbm 

800 Hz 

70 KHz Subcarrier 
Demodulator 

- +180 KHz 

PN Code 

Ranging, Doppler, 
& Telemetry 

250 mw 

1.024 MHz Subcarrier 
w i th  input  mod responsl 
from dc t o  72 KBs 

- t 4  rad 

35 w 
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2.1.6 Unified S-Band Standards and Specifications 

The RF ca r r i e r s  employed by the USB systems are  within the band a l lo t t ed  
to  launch vehicles and spacecraft i n  the IRIG telemetry standards. The 
channel center frequencies are  a lso per IRIG standards. The channel 
bandwidths of 5 MHz (wideband) a re  permitted although the standard chan- 
nel spacing i s  1 MHz. The t ransmit ter  frequency s t a b i l i t y  specified by 
IRIG is  +0.003% of the assigned channel. 
modulatea ca r r i e r ,  locked o r  unlocked i s  be t t e r  than t h i s ,  however, the 
Apollo CSM FM t ransmit ter  ca r r i e r  s t a b i l i t y  i s  +0.02% of the r e s t  f r e -  
quency. 
data f o r  transmission a t  S-band. There are  seven channels of biomedical 
data a t  low subcarrier frequencies (4  KHz t o  12.4 KHz). The deviations 
and center frequencies are  non-IRIG standard. 
d a t a  channels employing high subcarrier frequencies (95 KHz and 125 KHz 
which are non-IRIG and 165 KHz). 
due t o  the development timing. The communication system requirements 
of the MSFN were established prior t o  addition of the new higher pro- 
portional bandwidth and  constant bandwidth frequencies t o  the IRIG 
s t a n  dard . 

The USB down-link phase 

Only the CSM employs frequency divis ion multiplexing of telemetry 

There are three s c i e n t i f i c  

The deviations from IRIG standards are  

All three unified S-Band systems (CSM, LM and CCS) were designed fo r  
NASA programs and are therefore controlled by NASA fabrication and en- 
vi ronmental speci f i ca t i  ons. 

2 .1 .7 Unified S-Band Checkout Ground Station 

The unified S-Band components of the Apollo and Sa turn  are s imilar  in 
many ways, being bu i l t  fo r  communication w i t h  the same ground s ta t ion  
network and by the same manufacturer, Motorola. I t  i s  therefore en t i re ly  
feasible  f o r  one checkout ground s ta t ion  t o  be employed f o r  checkout of 
both Apollo systems and the Saturn system. 
of these systems i t  i s  recommended t h a t  t h i s  checkout s ta t ion  n o t  be used 
exclusively fo r  telemetry data acquisit ion b u t  be capable of verifying 
the many varied functions of these systems. The checkout s ta t ion  con- 
figuration discussed here, however, will include the equipment required 
t o  verify the down-link telemetry w i t h  minor emphasis on the ranging 
and command functions. 

Due t o  the integrated functions 

The USB transponder can be used as a down-link phase modulated t ransmit ter  
without the need f o r  the up-link car r ie r .  
quency i s  normally derived from the up-link RF frequency. 
desirable t o  generate an up-link ca r r i e r  the transponder will operate 
on an internal o s c i l l a t o r  t o  develop the down-link ca r r i e r .  
in t h i s  manner would allow fo r  checkout of the PCM/RF l ink with a minimum 
o f  ground s ta t ion  equipment. 

The down-link RF ca r r i e r  f re -  
I f  i t  i s  not 

Operating 

A l i s t  of typical t e s t s  t o  be performed on the CCS-USB are  given in 
Table 2-V f o r  the various levels  of checkout. 
several outputs to  the measurement and telemetry systems f o r  evaluation 

The USB systems provide 
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TABLE 2-V TESTS PERFORMED ON THE CCS-USB 

TEST DESCRIPTION 

Receiver Center Frequencj 

Receiver AGC Vs Signal  
Level  over  Dynamic Range 

Recei ve r  Threshold 

Receiver Track ing Range 
and SPE Vs Frequency 

Receiver Track ing  Rate 

70 KHz Subcar r i e r  Demod. 
Performance 

Transmi t t e r  Frequency ; 
In-Lock 

T ransmi t te r  Frequency; 
Auxi 1 i a r y  Osci 11 a t o r  

Spur ious Output 

1.024 MHz SCO 

Range Delay Vs Received 
Signal  Level  

T ransmi t te r  Power 

Telemetry Output 
Ve r i  f i c a t  i on 

Command Decoder 

Antenna Swi tch ing  
and Power Output 

P RN 
C a r r i e r  Mod. Index 
Rcvr. & X m i t t r  

LEVEL OF TESTING 

B E N O  

X 

X* 

X 

X* 

X 

X 

X 

X 

X 

X 

X 

X 

X 

SYSTEM LEVEL 
KCEPTANCE TEST 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

LAUNCH AREA 
CLOSED LOOP 

~~ 

X 

X* 

X 

X* 

X 

X 

X 

X 

X 

X 

X 

X 

-AUNCH AREA 
)PEN LOOP 

~ 

X 

X 

X (Two 
Po in ts :  

X 

X 

X 

X(and 
PCM) 

X 

X 

X 

X 

X 

X 

* S u f f i c i e n t  da ta  taken t o  p l o t  curves. (Received power l e v e l  
Vs AGC & Frequency Vs S t a t i c  Phase E r r o r ) .  
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2.1.7 (Continued) 

of t h e  USB performance. 
s i m i l a r  t o  those o f  t he  CCS transponder. 
var ious types o f  te lemet ry  outputs  ava i l ab le .  
po in ts  should be terminated w i t h  a 100 Kn r e s i s t i v e  load. 

The t e s t s  t o  be performed on the  CSM-USB are 
Table 2-VI i nd i ca tes  the  

Each o f  t he  CCS t e s t  

The te lemet ry  and bench t e s t  ou tpu t  p r o v i s i o n  o f  the  PCM Telemetry com- 
ponent o f  each o f  t he  USB systems i s  shown on Table 2-VI1 as an i n d i c a t i o n  
o f  the  a v a i l a b l e  t e s t  p o i n t s  f o r  eva lua t i ng  USB system readiness. 

The u n i f i e d  S-band checkout s t a t i o n  c a p a b i l i t i e s  requ i red  t o  be com- 
p a t i b l e  w i t h  the  i n t e g r a t e d  func t ions  of t he  Saturn CCS and the  CSM-USB 
a re  descr ibed i n  t h i s  sect ion.  The optimum s t a t i o n  f o r  checkout o f  t he  
NASA S-band systems would i nc lude  the  c a p a b i l i t y  o f  r e c e i v i n g  and de- 
modulat ing the f o u r  FM and/or PM channels employed on Saturn and Apol lo .  
This would i nc lude  both the u n i f i e d  c a r r i e r s  and t h e  s i n g l e  modulat ion 
source c a r r i e r .  The s t a t i o n  would a l s o  be capable o f  communicating w i t h  
the transponders on both up-1 i n k  channels employed w i t h  c a r r i e r s  modu- 
l a t e d  by both subcar r i e r  and baseband s igna ls .  
t y p i c a l  s t a t i o n  f o r  post-manufactur ing stage l e v e l  checkout o f  t he  USB 
transponder i s  shown i n  F igure  2-8. 
Saturn CCS and Apo l lo  CSM-USB systems are  shown on F igure 2-9. 

A b lock  diagram o f  a 

S i m p l i f i e d  b lock  diagrams o f  t he  

Although i t  i s  poss ib le  t o  rece ive  PCM te lemet ry  on t h e  down-link w i th -  
out:  generat ing an u p - l i n k  c a r r i e r ,  t h i s  i s  n o t  recommended. 
up - l i nk  c a r r i e r  t he  a u x i l i a r y  o s c i l l a t o r  determines the  down-link f r e -  
quency b u t  t he  r e c e i v e r  AGC, s t a t i c  phase e r r o r ,  turn-around r a t i o  (both 
modulat ion i nd i ces  and frequency r a t i o )  and ranging c a p a b i l i t y  can n o t  
be checked. Therefore, a t r a n s m i t t e r  should be inc luded i n  the  s t a t i o n .  

With no 

For open o r  c losed- loop checkout o f  t he  CSM-USB a d i p l e x e r  and antenna 
coupler  are requ i red  s ince  the  spacecraf t  employs one antenna f o r  both 
t ransmiss ion and recept ion.  
t ransmi t  antennas and no d i p l e x e r  would be requi red.  The d i p l e x e r  re-  
ce ive  bandwidth must be 2270 MHz t o  2290 MHz and the  t ransmi t  bandwidth 
should be 2090 MHz t o  2120 MHz t o  cover the  range o f  RF c a r r i e r s  employed 
by the  CSM and LM. 

The checkout s t a t i o n  t r a n s m i t t e r  should have separate VCO's t o  p rov ide  
RF outputs  o f  2101.802 MHz and 2106.40625 MHz. 
the  VCO outputs  f o r  frequency measurement. The frequency o f  each VCO 
must be ad jus tab le  about the  center  frequency t o  check the  transponder 
rece ive r  s t a t i c  phase e r r o r  (SPE) w h i l e  phase locked. The t r a n s m i t t e r  
i n  con junc t ion  w i t h  the  power a m p l i f i e r  must p rov ide  an RF power l e v e l  
between -15 dbm and -127 dbm a t  the CCS transponder rece ive r  and -50 dbm 
t o  -127 dbm a t  t h e  CSM-USB rece iver .  
modulated w i t h  two separate s igna ls ;  a 70 KHz subcar r i e r  which i s  phase 
modulated by the  composite command data waveform shown i n  F igure  2-3, and 
a c lock  r a t e  o f  up t o  500 KHz (square wave) t o  s imu la te  t h e  range code 
c lock .  A c lock  r a t e  o f  500 KHz a t  a peak phase s h i f t  o f  0.3 radians i s  

The Saturn CCS uses separate rece ive  and 

There must be access t o  

The t r a n s m i t t e r  w i l l  be phase 
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TABLE 2-VI UNIF IED S-BAND SYSTEM TELEMETRY/TEST PROVISIONS 

PARAMETER 

Transponder Tracking 
Loop S ta t i c  Phase 
Er ror  (SPE) 

Transponder Receiver 
AG C 

Transponder In-Lock 

PM Transmitter De- 
tected Power Output 

FM Transmitter De- 
tected Output Power 

Up-Link Command Sub- 
c a r r i e r  (70 KHz) In -  
Lock 

Power Ampl i f ier  
Regulator Output 

Power Ampl i f ier  
Anode-He1 i x Voltage 

Power Amp1 i f i e r  
Cathode Current 

Power Ampl i f ier  
He1 i x Current 

Power Ampl i f ier  
Collector Voltage 

Transmi t t e  r Tempera turc 

Power Ampl i f ier  
Temperature 

Transponder and P.A. 
"Power On" 

Transmitter & P.A. 
I n h i b i t  

APOLLO CSM-USB 

Receiver SPE Tele- 
metry output Pro- 
v i  ded 

AGC voltage analog 
output provided 

Not Provided 

Analog Signal Prov,ded 

Analog Signal Provided 

Not Provided 

Not Provided 

Not Provided 

Not Provided 

Not Provided 

Not Provided 

Analog Voltage 

Analog Voltage 

Not Provided 

Not Provided 

SATURN CCS-USB 

Analog voltage w i th  mid- 
scale representing r e s t  
frequency. Data f o r  curve 
taken during various ground 
tes ts  . 
Analog voltage proport ional 
t o  received signal strength. 
Data f o r  curve taken during 
various ground tes ts  . 
D ig i ta l  Vol tage 

Not Provided 

D ig i ta l  Voltage 

Analog Vol tage 

Analog Voltage 

Analog Vol tage 

Analog Voltage 

Analog Vol tage 

Not Provided 

N o t  Provided 

Discrete (0 o r  28V) 

Discrete (0 o r  28V) 

I P & C  MEAS. 
NUMBER 

VJ 75-603 

VJ76-603 

VJ 77-603 

VJ78-603 

579-603 
R&D Only 

R&D Only 

RAD Only 

J 80- 603 

581 -603 

582-603 

VK150-601 

VK153-601 
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I ACCEPTANCE CHECKOUT EQUIPMENT 

TABLE 2-VI1 PCM TELEMETRY AND TEST OUTPUT PROVISIONS 

I I PARAMETER 

GSE 

Se r i a l  Data 

Data T i m i n g  Rate 

Subcar r ie r  Reference 

Subframe r a t e  Pulse 

Fai 1 ure Detection o f  re- 
dundant c i r c u i t s  

TELEMETRY OUTPUTS 

PCM Clock Source 

High  and Low Cal ibrat ion 
Checkpoint Voltages 

BENCH TEST POINTS 

Bit Rate Indicat ion 

High Level, High Checkpoint 
Cal i b ra t i  on Voltage 

All i n t e rna l  Power Supplies 

PCM Clock Source 

Prime Frame Rate 

NRZ Se r i a l  Data 

\POLLO CSM-USB 

PCM RZ 

Square Wave a t  the 
Data Rate (1.6 kb  
o r  51.2 k b )  

512 pps 

One pulse  a t  beginning 
of each sub-frame 

Up t o  e ight  
B i  -1 eve1 s ignal  s 

Discrete  ind ica t ion  o f  
in te rna l  o r  external  
source 

15% and 85% o f  h i g h  
level  & low leve l  
channels 

Discrete  

Analog 

Analog 

SATURN CCS-USB 

'CM/FM (600 KHz c a r r i e r )  

Discrete  ind ica t ing  in t e rna l  
o r  external  

Pulse Rate 

Se r i a l  PCM/NRZ 

Discrete  
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RECEIVE AND 
TRANSMIT ANTENNAS 
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FIGURE 2-9 U N I F I E D  S-BAND S I M P L I F I E D  BLOCK DIAGRAMS 
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2.1.7 (Continued) 

used t o  check the  turn-around dev ia t i on  r a t i o  and a c lock  r a t e  w i t h  a 
p e r i o d  no l e s s  t h a t  2.5 microseconds i s  requ i red  t o  check the  system de- 
l a y  o f  the  range code a t  var ious s igna l  l e v e l s .  I n  add i t i on ,  the  up- 
l i n k  RF c a r r i e r s  must be dev ia ted  up t o  +120 KHz a t  a r a t e  up t o  65 KHz 
t o  v e r i f y  t h a t  t h e  t ransponder rece ive r  can acqu i re  and main ta in  phase 
lock  du r ing  the  extremes o f  doppler s h i f t .  

The checkout s t a t i o n  r e c e i v e r  must rece ive  t h e  f o u r  RF c a r r i e r s  shown 
i n  F igure  2-2. 
coherent data. 
dependent c a r r i e r s  b u t  simultaneous recept ion  and demodulation by t h e  
checkout s t a t i o n  i s  n o t  requi red.  

The c a r r i e r s  conta in  both wideband FM data and phase 
The CSM-USB can simultaneously t ransmi t  FM and PM on i n -  

The t r a n s m i t t e r  and r e c e i v e r  i n  the  checkout s t a t i o n  must p rov ide  access 
t o  t h e  VCO's, which a re  around 22 MHz i n  the  Motoro la  CCS t e s t  se t .  
counter  w i l l  measure t h e  VCO f requencies as an accurate method o f  de- 
te rmin ing  the  UHF c a r r i e r  f requencies.  

A 

A spectrum analyzer  w i l l  be used t o  v e r i f y  t h a t  a l l  spur ious outputs  o f  
the  transponder, both in-band and ou ts ide  the  passband are below the  
requ i  red  value. 

The FM c a r r i e r  demodulator provides t h e  demodulated FM baseband o f  t he  
CSM-USB which inc ludes  TV a t  baseband and a 1.024 MHz subcar r i e r  modu- 
l a t e d  by the  spacecra f t  PCM te lemetry .  I t  a lso  separates o u t  the  Saturn 
I U  UHF PCM/FM data. The CSM FM baseband a l s o  contains th ree  FM channels 
of s c i e n t i f i c  data. Some o f  t he  l a t e s t  i n fo rma t ion  obta ined on the  MSFN 
ground s t a t i o n  f a i l s  t o  mention t h i s  s c i e n t i f i c  data. 
some non-IRIG standard d i sc r im ina to rs  w i l l  be requ i red  f o r  the  95 K H t  
and 125 KHz subcar r ie rs .  

I f  i t  i s  used, 

The PM c a r r i e r  demodulator should be a phase-lock loop type. 
l a t o r  ou tpu t  inc ludes  the  PM te lemet ry  data on the  1.024 MHz subcar r ie r ,  
FM biomedical  data on t h e  vo ice  subcar r i e r  and the  range code o r  c lock  
pulses. One o f  t he  measurements, p r i m a r i l y  r e l a t e d  t o  t h e  ranging capa- 
b i l i t y ,  t h a t  must be made i s  the  turn-around system delay o f  the range 
code i n  t h e  t ransponderc 
than 40, KHz). A measurement of the  modulat ion i nd i ces  of t he  up and down 
l i n k  basebands must a l s o  be made and a 500 KHz square wave modulat ing the  
u p - l i n k  i s  used. 

The demodu- 

This  can be done w i t h  a low c lock  r a t e  ( l ess  

The te lemet ry  s u b c a r r i e r  demodulators f o r  both the  phase and frequency 
modulated 1.024 MHz subcar r i e r  a re  t h e  same. The PCM b i t  r a t e  a t  t he  
ou tpu t  w i  11 be e i t h e r  1.6 kbps o r  51.2 kbps from the  CSM o r  72 kbps from 
the  CCS. The bandpass o f  the  te lemet ry  subcar r i e r  demodulators should 
be remotely se lec tab le  a t  approximately th ree  times the  data r a t e  o r  
6 KHz, 150 KHz and 220 KHz. 
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2.1.7 (Continued) 

The voice subcarrier demodulators f o r  FM and PM are  the same f o r  the 
1.25 MHz subcarrier which also contains the biomedical FM data relayed 
from the LM (seven channels). 

The PCM b i t  synchronizer and data processor must be very versa t i le  t o  
accept the various b i t  ra tes  and formats employed by NASA. These are  
essent ia l ly  three b i t  ra tes  and three formats to  be decommutated and 
evaluated. 

Some of the measurements of the transponder made d u r i n g  stage level 
checkout are  made by the PCM telemetry and transmitted on the USB ca r r i e r .  
These measurements will be routed t o  d ig i ta l  t o  analog converters and made 
available fo r  measurement and display. 

2 . 2  AUXILIARY STORAGE AND PLAYBACK (ASAP) SYSTEM 

The purpose of t h i s  portion of the study i s  t o  determine a s e t  of t e s t  
requirements which will assure the f l i g h t  readiness of the ASAP a t  a 
system checkout level.  The study shall  determine i f  available standards 
are suf f ic ien t  t o  control fur ther  development and implementation and 
eval uate the devel opers proposed ground equipment t o  determi ne i t s  
a b i l i t y  to  acquire the necessary checkout parameters. 

2 .2 .1  ASAP Functional Description 

The ASAP i s  designed t o  decode, format and s tore  experimental data over 
a ninety minute time period, the time required f o r  one earth o rb i t ,  
a f t e r  which time the data is  available f o r  acquisit ion (playback) upon 
command from a switch se lec tor  playback command. 

A typical system application of ASAP i s  shown in Figure 2-10. 
represents a functional block diagram as proposed fo r  the X-Ray Astronomy 
Experiment S-027 (MSFC Experiment No. 49). The experiment package con- 
s i s t s  principally of Saturn telemetry equipment (Model 270 multiplexer, 
Model 410 Multiplexer, and PCM/DDAS Model 301 Assembly) with the addition 
of  ASAP. The ASAP has three functions. The  f i rs t  i s  to  co l lec t  and s to re  
programmed data on magnetic tape. 
upon command. 
time correlation of experimental data. 

This 

The second i s  t o  play back the data 
The t h i r d  function i s  t o  supply sync and clock data f o r  

The ASAP i s  a lso employed in the AAP-2, Apollo Telescope Mount (ATM) 
experiment. 
shown in Figure 2-11. 
ASAP as a functioning system. 
operational sequence of the system i s  shown i n  Figure 2-12. 
ceiving a "TM Clock and Counter Set" command from the command system 
networks, a "Data Request" command i s  generated in the Auxiliary Storage 
and Playback Interface U n i t  ( A I U )  t o  the Computer Interface U n i t  (CIU). 
This command causes a write pulse t o  be enerated. The write pulse ad- 
vances the non-destructive readout (NDRO 3 Register to  the f i r s t  word in 

A functional block diagram of ASAP as proposed fo r  ATM i s  
This defines the interfaces  which are  applicable t o  

A functional flow chart which depicts an 
Upon re- 
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ASAP FUNCTIONAL FLOW CHART 

START 
SEQUENC 

GENERATES 0 
AND COUNTER DATA READY 

SET. CMD. 

GENERATES 0 
COMMAND FROM 

(AIU) TO 

WRITE PULSE 0 

J c 
I 
-~ 

READ 

I I 

I I  I A  I 

STORED 15 
B I T  ADDRESS 

7 

F, WRITE PULSE ~ ( - ) ;  
I I a c 

PARALLEL TO 
SYNC FROM 4 SERIAL 

(AIU) CONVFRTFR - 

4 KILOBIT 
NRZ(L) SERIAL 

WAVETRAIN 

SWITCH PCM/DDAS 

FORMAT SELECTOR 
TAPE RECORDER- RECORD AND 

PLAYBACK CMDS. 

*See Explanat ion Notes 
1 WAVETRAIN I 

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

a. 

Wr i te  pu lse  advances the  non-dest ruct ive readout (NDRD) Regis ter  t o  
t h e  f i r s t  word i n  t h e  proqramed sequence o f  400 twen ty - f i ve  b i t  
i n  t h e  MM. 

Transfers t h e  s to red  15 b i t  address from the  NDRO r e q i s t e r  i n  t h e  MM 
t o  a ho ld inq  r e g i s t e r  i n  the  A I U .  

Corre la tes address i n  t h e  ho ld inq  r e q i s t e r  t o  t h e  correspondinq 
address i n  the  PCM/DDAS format a t  t he  CIU .  

Generated by t h e  C I U  when da ta  i s  ready f o r  a c q u i s i t i o n  by the  A I U .  

Advances t h e  NDRO r e g i s t e r  t o  the  nex t  programed address word l oca -  
t i o n  i n  t h e  MM. 

Transfer  o f  decoded da ta  from PCM/DDAS format t o  the  MM Des t ruc t i ve  
Readout (DRO) r e g i s t e r .  

Transfers  da ta  from t h e  MM t o  the  p a r a l l e l  t o  s e r i a l  conver ter  i n  
t h e  A I U  a t  a 400 pps r a t e .  

Sequence counter generates a read r e g i s t e r  r e s e t  command f o r  updat ins  
t h e  read r e q i s t e r  from the  DRO r e g i s t e r  a f t e r  a l l  100 memory l o c a t i o n s  
have been sequenced. 
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2 .2 .1  (Continued) 

the programmed sequence of up t o  400, twenty f ive  b i t  words in the memory 
module ( M M ) .  W i t h  advancement of the NDRO reg is te r ,  t h i s  t ransfers  the 
f i r s t  stored 15 b i t  address from the NDRO reg is te r  i n  the MM t o  a holding 
reg is te r  in the AIU. 
holding reg is te r  t o  the corresponding address in the PCM/DDAS Format a t  
the CIU. 
i s  generated by the CIU saying data i s  ready fo r  acquisit ion by the AIU. 
Decoded data i s  then transferred t o  the MM upon receiving the next write 
pulse. 
programmed word i n  the sequence. A "read" pulse t ransfers  data from the 
MM Destructive Readout ( D R O )  r eg is te r  to  a parallel  t o  se r ia l  converter 
in the A I U  where d a t a  i s  generated in a non-return-to-zero level NRZ (L )  
a t  a 4 k i lob i t  per second ra te  and made available t o  the i n p u t  of a 
4 track tape recorder. 
command system networks t o  reproduce the stored data a t  a 72 k i lob i t  
(bi  -phase 1 eve1 ) ra te .  

The CIU then must correlate  the address in the 

When correlation i s  reached by the CIU, a "Data Ready'' pulse 

A t  the same instant  the NDRO reg is te r  i s  advanced t o  the next 

The tape recorder can then be commanded by the 

2 .2 .2  Functional Test Requirements Which Wi 11 Assure the F1 ight 
Readiness of the ASAP 

2 .2 .2 .1  Sub-system Test Requirements 

A t  the component and sub-assembly level t e s t s ,  the functional performance 
of the component or "black box" i s  controlled by a Design procurement 
or specification control drawing which delineates a s e t  o f  functional 
t e s t s  t h a t  will verify a unit  i s  performing within i t s  design specifica- 
t ions.  These specif icat ions and standards a re  suf f ic ien t  in determining 
quality assurance of the unit as t o  f l i g h t  rated performance and r e l i -  
a b i l i t y ;  however, a data package o r  the performance history as  t o  how a 
par t icu lar  t e s t  specimen rated on each functional t e s t  requirement during 
the acceptance test  performance could be of some benefit  to  a systems' 
checkout engineer. 
these t e s t s  resu l t s  could be used as a deciding fac tor  in making cor- 
rections t o  a f a i l u r e  mode. 
t i r e  system could be made based upon the acceptance t e s t s  performance 
report of each sub-assembly. 
character as t o  acceptance or rejection of a unit  could be impacted as 
a f a i lu re  mode and the e f f ec t  upon the en t i r e  system predicted. 

During post-manufacturing o r  prelaunch checkout, 

A f a i lu re  analysis and synthesis of the en- 

Parameters which were of a border-line 

2 .2 .2 .2  System Checkout Requirements 

The following system parameters should be ver i f ied d u r i n g  checkout: 

a .  Ground s ta t ion  o r  d ig i ta l  receiving s ta t ion (DRS) 

1.  

2. 

Verify tha t  the digital-to-analog converters (DAC) are  cal ibrated,  

Verify proper programming fo r  ASAP format a t  the correlator  patch 
panel , 
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2.2.2.2 (Continued) 

3. 

4. 

Verify proper programming of the data switch patch panel,  and, 

Verify t h a t  the DRS simulator ( c a l i b r a t o r )  and quick look a r e  
operating properly. 

b. Experiments (ATM, S-027, e t c . )  

1. Verify t h a t  ‘the experiment PCM/DDAS system i s  operating properly: 

( a )  

( b )  Sync Generation 

( 1 )  72 k i loher tz  

( 2 )  3.6 k i loher tz  

(3) 4 pulses per second 

72 k i l o b i t  NRZ ( L )  s e r i a l  wavetrain 

( c )  Calibration of a l l  analog PCM/DDAS words 

2 .  Verify data rou t ing  and control t o  ASAP through the Amplifier 
and Switch Assembly. 

Verify t h a t  the command systems network is  supplying control 
commands t o  ASAP. 

3. 

c. ASAP 

1. 

2. 

3. 

4. 

W i t h  a TM ca l ibra t ion  stimulus (analog, d i sc re t e ,  clock, e t c . )  
applied t o  each programmed PCM/DDAS word location address in the 
PCM/DDAS masterframe t h a t  i s  programmed f o r  decommutation by ASAP, 
record the ca l ibra t ion  data  on the  ASAP tape recorder. Place the 
ASAP tape recorder i n  a playback mode and a t  the  ASAP d i g i t a l  re- 
ceiving s t a t ion  ver i fy  t h a t  each programmed channel i s  being de- 
coded properly and t h a t  the ca l ibra t ion  response i s  within the 
assigned tolerance a t  each stimulus ca l ibra t ion  leve l .  

Verify ( 1 )  through bo th  the ASAP and PCM/DDAS RF Data l inks  and the 
600 KHz hardwire t o  the checkout ground s t a t ion .  Note: The 
4 kbps tape recorder input data can a l so  modulate the 600 KHz sub- 
c a r r i e r  t o  f a u l t  i s o l a t e  between the  tape recorder and the AIU. 

Verify ( 1 )  and ( 2 )  w i t h  both the primary and redundant tape recorders.  

Verify t h a t  the master sync and sub-commutation sync a re  being 
generated in the proper time domain with respect  t o  the data package 
multiplexer sampling ra tes .  
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2 .2 .2 .2  (Continued) 

5. Verify tha t  the clock i s  supplying proper time and format over 
a 90 minute record cycle ( i f  appl icable) .  

2.2.3 Evaluation of Developers' Proposed Ground Equipment 

Presently Astrioni cs (R-ASTR) and the Qual i t y  and Re1 i abi 1 i ty  Assurance 
Lab. (R-QUAL) a t  MSFC, a r e  j o i n t l y  developing a checkout s t a t ion  f o r  
ATM which will  handle ASAP. 
d ig i t a l  receiving s t a t ion  (DRS) i s  s imi la r  t o  those developed f o r  Saturn 
applications fo r  the PCM/DDAS system. 
30 sub-frames, each containing s ix ty  10 b i t  words to t a l ing  1800 words 
per masterframe. 
r e su l t s  i n  a word r a t e  of 7200 words per second o r  a b i t  r a t e  of 72 ki lo-  
b i t s  per second (kbps). The ASAP tape recorder reproduce r a t e  i s  ident i -  
cal t o  this, 72 kbps bi-phase (L).  

With the masterframe synchronization log ic  being iden t i ca l ,  t h i s  makes 
the DRS synchronization equipment compatible between the PCM/DDAS format 
and the ASAP format. The difference in format l i e s  in the number of 
sub-frames and the number of 10 b i t  words in each sub-frame. The ASAP 
format has 60 sub-frames in one master frame with one hundred 10 b i t  
words per sub-frame which gives a t o t a l  of 6000 words per masterframe. 
The masterframe i s  15 seconds i n  duration during the record mode and 
15/18 seconds during the playback mode. 
frames equals one ASAP masterframe, o r  one sub-frame in an ASAP master- 
frame will  occupy the same time domain as a PCM/DDAS masterframe. Le- 
sign modifications of a Saturn PCM/DDAS Digital Receiving Station with 
respect t o  the cor re la tor ,  data switch and simulator are  required t o  
accommodate the 6000 word/masterframe ASAP format. 
such as digi tal-to-analog converters ( D A C )  and a computer in te r face  u n i t  
( i f  automatic data reduction i s  desired) will  have t o  be designed around 
peripheral checkout equipment. 

The DRS i s  adaptable t o  e i t h e r  a manual o r  automatic checkout capabi l i ty .  
As an example, the DRS could be made t o  operate with a computer i n t e r -  
face u n i t  which would give f u l l y  automatic checkout capabi l i ty  when 
interfaced with a general purpose d ig i t a l  computer ( this i s  desirable  
s ince correlat ion of events d u r i n g  checkout with real time and d a t a  
measurements as t o  sequence, elapsed time between events,  response time, 
e t c .  , become important checkout parameters) ; or the data switch can o u t -  
p u t  programmed data channels t o  DACS for data acquis i t ion by recorders 
o r  displays by panel meters. 

The basic configuration o r  concept of the 

The PCM/DDAS format consis ts  of 

The masterframe i s  250 milliseconds in duration which 

This means s ix ty  PCM/DDAS master- 

Interface equipment 

2.2.4 Status  of Standards, Specifications and Manuals 

A t  the writ ing of t h i s  report  a l l  documentation releases have been 
preliminary; however, coordination e f f o r t s  with R-ASTR and R-QUAL have 
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2.2.4 (Con t i  nued) 

produced very good resu l t s  i n  determining system configuration th rough  
the use of sketches, and proposed o r  preliminary requirements and docu- 
mentation. 
fo r  the ATM experiment: 

The following documents concerning the ASAP are  available 

a. 

b. CIU (50M60273) Specification Document 

Preliminary ATM, Telemetry Systems Description (GC110416) 

c. MM (GC110405) Specification Document 

d. A I U  (GC110403) Specification Document 

e.  DC-DC Converter Power Supply (GC110157) Specification Document 

f .  Tape Recorder (GC11037) Specification Document 

g .  IP&C List 50M12711 

h .  ATM Telemetry Ground Station Specifications,  November 1 , 1967, 
Revised January 25, 1968 

2.2.5 Concl us i ons 

This delineates the necessary system and sub-system checkout require- 
ments which are  applicable in determining the system performance of the 
ASAP. The system i s  being developed using present MSFC Saturn telemetry 
control specif icat ions,  so standards are  suf f ic ien t  t o  control fur ther  
development and implementation, i f  a need o r  requirement should a r i s e  in 
expanding the usage of ASAP. 

2.3 EXPERIMENT DATA ACQUISITION SYSTEM ( EDAS) 

The EDAS has been cancelled a t  the w r i t i n g  of this report. 
signed t o  s u p p o r t  the following Apollo Application Program (AAP)  Missions: 
AAP - 1 ,  -2, -3  and -4, and record data from experiments MG18, M050, 
M051, M508 and M509 and T020, which a re  biomedical measurements of the 
astronaut t o  be made while he i s  performing the various work functions 
in the Orbital Workshop. 

The EDAS consisted of f ive  wideband data channels (FM/FM) and one narrow- 
band o r  commutated channel (PAM) providing a to ta l  of 88 multiplexed 
channels and f ive  continuous data channels. The composite video output 
was t o  be recorded on tape for storage unt i l  a dumping command was given 
fo r  playback and time sharing of a RF data l ink.  

I t  was de- 

All measurements which were t o  have been assigned to  the low response 
data channels (commutated channels) are  presently scheduled fo r  inte-  
gration in to  the Airlock Module PCM Instrumentation System as shown in 
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E DAS 

HLM*** 

2.3 (Continued) 

Number of Type of Sample Rate Source Input 
Channel s/Uni t Signal (sps 1 Impedance Accuracy Power 

10 Kilohms +30 M V  28 + 4 
VDC VDC-at 

100 MA 

88 (0-5) 1.25 - 

32 (0-5) 1.25 10 Kilohms - +20 MV* **24 + 0.5 
VDC VDC aT 

625 MA 

Figure 2-13; however, those measurements which required a wideband o r  
continuous data channel a re  s t i l l  b e i n g  pondered by MSC and the AAP con- 
t ractors .  

Performance features of the EDAS Commutator compared t o  those of the 
h i g h  level multiplexer ( H L M )  used i n  the Airlock Module PCM Instrumen- 
ta t ion System are  as follows: 

*System incorporates analog-to-digital ( A / D )  conversion (8  b i t s )  
which has a resolution of - +20 mi l l ivo l t s  fo r  the l e a s t  s i g n i -  
f i cant b i  t . 

**System will withstand a supply voltage t o  30 VDC, maximum. 

***The EMR Model 9005-81 h i g h  level multiplexer ( H L M )  encoder i s  
a medium-speed data encoding system. 

The air lock module PCM system is  t o  be assembled us ing  hardware employed 
d u r i n g  the GEMINI program. 
of up t o  one year  -in ear th  o rb i t .  I t  i s ,  of course, compatible w i t h  the 
manned spaceflight network ground s ta t ions .  

2.4 CONSTANT BANDWIDTH SYSTEM 

This equipment is  t o  have an operating l i f e  

2.4.1 Constant Bandwidth-General 

Data bandwidths and quanity requirements have expanded and at ta ined a 
degree o f  commonal i t y  such t h a t  w i t h i n  the frequency mu1 t ip1 ex trans- 
mission technique the method of maintaining a constant bandwidth f o r  i n -  
dividual data channels has become feasible .  consequently, the standards 
guiding agencies of IRIG and AIA have had studies conducted by Electro- 
Mechanical Research Inc. of Sarasota, Fla.1 and by Data Control Systems Go. 

'Telemetry FM/FM Baseband Structure Study, Contract DA-29-040-AMC-746 ( R )  
Volume I Final Report For White Sands Missile Range,New Mexico, 1965 
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2.4.1 (Cont inued) 

o f  Danbury, Conn. ,2 r e s p e c t i v e l y ,  o f  t he  baseband t o  e s t a b l i s h  a constant  
bandwidth s t r u c t u r e .  The r e s u l t s  o f  these s t u d i e s  were very s i m i l a r ,  and 
d i f f e r  o n l y  i n  minor  d e t a i l .  The s t r u c t u r e  has some i n c o m p a t i b i l i t y  w i t h  
equipment c a p a b i l i t y  due t o  s t a b i l i t y  r e l a t e d  t o  t h e  smal l  percent  of  
d e v i a t i o n  o f  t h e  s u b c a r r i e r  f requencies a t  t h e  spectrum upper end. Also,  
a t  p resent  no p r o v i s i o n s  are  made f o r  t r a n s l a t i o n  techniques t o  c i rcum- 
vent  upper spectrum equipment l i m i t a t i o n s .  As f u r t h e r  users exper ience 
i s  acquired, these i n c o m p a t i b i l i t i e s  w i l l  be d i s s i p a t e d  by establ ishment  
of  r e a l i z a b l e  requirements through feedback from these agencies. 

* 

The cons tan t  bandwidth method has t h e  same t h e o r e t i c a l  premise as t h e  
p r e s e n t l y  employed p r o p o r t i o n a l  bandwidth technique. But, as a comparison , 
constan t  bandwidth d i f f e r s  f rom p r o p o r t i o n a l  i n  t h a t  each s u b c a r r i e r  
d e v i a t i o n  i s  cons tan t  f o r  a l l  subca r r i e rs  and i s  n o t  a p r o p o r t i o n a l  f u n c t i o n  
of t he  s u b c a r r i e r  frequency. F igure  2-14 i l l u s t r a t e s  t h e  general  a i f f e r -  
ences i n  baseband channel des ignat ion ,  as p r e s e n t l y  es tab l i shed  by I R I G ,  
f o r  cons tan t  and p r o p o r t i o n a l  bandwidth. Constant bandwidth i s  n o t  a 
replacement f o r  p r o p o r t i o n a l  b u t  r a t h e r  adds extended u t i l i z a t i o n  o f  t h e  
baseband spectrum. P ropor t i ona l  bandwidth i s  designed t o  accommodate an 
i nc reas ing  progress ion  o f  data bandwidths, wherein, constant  bandwidth 
accommodates a cons tan t  data bandwidth f o r  two o r  more channels. Con- 
s t a n t  bandwidth does p rov ide  b e t t e r  channel t ime  c o r r e l a t i o n  and a l a r g e r  
number of channels i n  the  FM baseband due t o  t h e  fo rmu la t i on  d i f f e r e n c e  
o f  these methods. These methods can, by use i n  an op t im ized combinat ional  
c o n f i g u r a t i o n ,  enhance baseband u t i l i z a t i o n  e f f i c i e n c y  f o r  va ry ing  data 
bandwidths and quani  ty  requirements.  

The present  capabi 1 i ty  o f  i n d u s t r y  can r e a d i l y  p rov ide  cons tan t  band- 
w i d t h  systems t h a t  comply w i t h  any users p a r t i  cu l  a r  requ i  rements. In -  
d u s t r y  has systems a v a i l a b l e  t h a t  p rov ide  data bandwidths o t h e r  than t h e  
I R I G  s tandard o f  400 Hz, 800 Hz, and 1.6 KHz; and, t h a t  c i rcumvent t h e  
upper spectrum equipment incompat i  b i  9 i ty  by t r a n s l a t i o n  o f  t he  lower  end 
spectrum. Also, these systems can extend below t h e  16 KHz cen te r  f r e -  
quency l i m i t  as es tab l i shed  i n  the  I R I G  s t r u c t u r e .  

The d iscuss ion  f o l l o w i n g  h e r e i n  w i  11 p e r t a i n  t o  constant  bandwidth system's 
areas o f  baseband s t r u c t u r e ,  system l i m i t a t i o n s ,  and system e r r o r  t o  es- 
t a b l i s h  system checkout parameters. 

2.4.2 Baseband S t r u c t u r e  

As no ted  i n  t h e  preceeding, t h e  standards agencies have had s t u d i e s  and 
t e s t s  conducted o f  FM baseband a p p l i c a t i o n s .  These inc luded  i n v e s t i g a t i o n s  

'Development o f  a Constant Bandwidth FM Standard, ATC Report No. ARTC-39, 
Aerospace I n d u s t r i e s  Assoc ia t ion  o f  America Incorporated,  1725 DeSales 
S t r e e t ,  N.W. Washington, D.C. 20036, 1964 
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2.4.2 (Continued) 

o f  t he  FM baseband extens ion and o f  parameters i n f l u e n c i n g  spectrum l i m i -  
t a t i o n s .  The extens ion i n v e s t i g a t i o n  was based on the  move o f  te lemet ry  
from VHF f requencies t o  UHF frequencies , which prov ides approximately 
tw ice  the  a v a i l a b l e  RF bandwidth, and was requ i red  t o  determine how t h e  
added noise,  due t o  increased bandwidth, would a f f e c t  t he  data accuracy. 
I n  essence the  parameters o f  pr imary concern were the  des ignat ion  o f  t h e  
channel ' s  cen ter  f requencies , determinat ion o f  guard bands, modulat ion 
indexes, pre-emphasis, threshold,  s igna l  - to-noise r a t i o  (SNR) and equip-  
ment l i m i t a t i o n s .  
l a t i o n s h i p  o f  these parameters t o  e s t a b l i s h  a constant  bandwidth s t ruc tu re .  

The p r e s e n t l y  es tab l i shed  baseband has been extended from the  e x i s t i n g  
100 KHz area t o  approximately 200 KHz. This  was deemed f e a s i b l e  from 
the  r e s u l t s  of t he  s tud ies- tes ts .  
l i s h e d  constant  bandwidth channel assignments and guard bands w i t h  a b ina ry  
r e l a t i o n s h i p ,  re ference F igure 2-16. The b ina ry  r e l a t i o n s h i p  was es- 
tab l i shed,  b a s i c a l l y ,  as a r e s u l t  o f  p rov id ing  c o m p a t i b i l i t y  w i t h  the  
b ina ry  r e l a t i o n s h i p  o f  tape recorder  speeds. 
recorded a t  one speed and p layed back a t  another the  r e s u l t a n t  cen ter  
frequencies would n o t  be transformed t o  center  f requencies t h a t  woil!d 
r e q u i r e  a non-standard demodulator. 

F igure  2-15 shows the  technique parameters and re -  

Wi th in  t h i s  spectrum I R I G  has estab- 

Thus, i f  composite data i s  

The subcar r i e r  frequency s t r u c t u r e  i s  based on the  baseband frequency 
spectrum ava i l ab le ,  i n t e r a c t i o n  e f f e c t  of t he  i n d i v i d u a l  channels and i n -  
herent noise.  
band spectrum. 
respec t i ve l y .  
s u b c a r r i e r  amp1 i tude, and frequency d is tance between subcar r ie rs .  
no ise  increases as the  baseband frequency spectrum increases. 
the  subcar r i e r  frequency s t r u c t u r e  o f  channel des ignat ion  and spacing be- 
comes l i m i t e d  from the  c o n t r i b u t i o n  o f  these parameters. 

The a l lowab le  RF bandwidth c o n t r o l s  the  permiss ib le  base- 

I n t e r a c t i o n  i s  a func t i on  of dev ia t ion ,  modulat ion index, 
For  VHF and UHF t h i s  i s  0 t o  100 KHz and 0 t o  200 KHz, 

Inherent  
Consequently, 

A t o t a l  o f  35 channels have been assigned w i t h i n  the  0 t o  200 KHz spectrum 
w i t h  dev ia t ions  o f  +2 KHz, +4 KHz and +8 KHz, which prov ides data band- 
widths of 400 Hz, 8nO Hz ana 1.6 KHz, r e s p e c t i v e l y ,  f o r  a mod index o f  5. 
The bas ic  channel assignment s t a r t s  a t  16 KHz and ends a t  176 KHz and each 
channel i s  assigned according t o  16 + 8 (+M-1) = fc i n  KHz, f o r  +M o f  1 
through 21 and where f c  i s  t he  channel cen ter  frequency. This  prov ides 
21 channels, o f  400 Hz data bandwidth, spaced 8 KHz apar t  w i t h  a 4 KHz 
guard band a t  the  requ i red  +2 KHz dev ia t ion .  
appropr ia te  b ina ry  channel c e n t e r  f requencies and guard bands se lec ted  
from the  bas ic  channel cen ter  frequency assignments. 
n e l s  f o r  800 Hz data bandwidths and 5 channels f o r  1.6 KHz data bandwidths. 
F igure  2-1 7 i 11 u s t r a t e s  the  I R I G  channel assignment s t r u c t u r e .  This  
s t r u c t u r e  i s  based p r i m a r i l y  on the  premise of the  maximum number o f  
channels versus system SNR t radeo f f  and RF bandwidth 1 i m i t a t i o n s .  

Larger  data bandwidths use 

This  g ives  9 chan- 
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I R I G  Channels 

I f c  f c  

N1 N2 N3 N4 M 

Z = Channel cen te r  frequency placement 

Y = Subcar r i e r  d e v i a t i o n  

X = Guard band 

B i  na ry  Re1 a t  i ons h i  p 

B - + 4 KHz dev. Z2, Y2, X2 

C - + 8 KHz dev. Z3, Y 3 ,  X 3  

N N Z = 2 -1. 2 (M-1); [4 5 N1 2 6, 3 6 N2 2 51 i n  KHz 

5 4 2 4 1-10 

6 5 3 5 1-4 

N 
Y = 2 3 ;  [l 2 N 3  2 31 i n  KHz 

N1  --- N4 and M: Numerical r e l a t i o n s h i p  f o r  2, 4, 8 KHz De- 
v i a t i o n  

FIGURE 2-1 6 I R I G  CONSTANT BANDWIDTH BINARY RELATIONSHIP 
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2.4.3 System L i m i t a t i o n s  

The constant  bandwidth system discussed here w i l l  i nc lude  c a r r i e r  t rans-  
miss ion-recept ion (RF) , subcar r ie rs  processing (v ideo)  and modulat ion- 
demodulation (da ta)  , b u t  excludes s igna l  cond i t ion ing ,  antennas and data 
processing subsequent t o  demodulation ( r e f .  F igure 2-18). These func t i ona l  
p a r t s  a re  excluded because they do n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  system 
l i m i t a t i o n .  The inc luded func t i ona l  p a r t s  do c o n t r i b u t e  s i g n i f i c a n t l y  
t o  system l i m i t a t i o n  t h a t  r e s u l t s  from both data t ransmiss ion technique 
and equipment. The data t ransmiss ion technique imposes system l i m i t a t i o n  
o f  a v a i l a b l e  RF and baseband frequency spectrum and s igna l  power reduc t ion  
a t  t he  upper baseband frequency spectrum due t o  low modulat ion r a t i o  o f  
the  subcar r i e r  frequency t o  RF modulator dev ia t i on .  The equipment i m -  
poses system l i m i t a t i o n s  o f  s t a b i l i t y ,  n o n - l i n e a r i t y ,  inherent  noise,  
and dev ia t i on  due t o  phys ica l  r e s t r i c t i o n s .  

2.4.3.1 RF L i m i t a t i o n s  

The l i m i t a t i o n s  due t o  the  RF l i n k  are the spectrum u t i l i z a t i o n  r e s t r a i n t s ,  
as es tab l i shed by the  FCC and I R I G .  
s p e c i f i c  frequency spectrum blocks assigned t o  te lemetry ,  re ference F igure 
2-19, bandwidth c r i t e r i a  f o r  assigned center  f requencies , reference Figures 
2-20 and 2-21,and maximum a l l o t t e d  t ransmiss ion power. 
l i m i t a t i o n s  come from the  p r a c t i c a l  l i m i t s  o f  frequency s t a b i l i t y  i n  the  
t r a n s m i t t e r  o s c i l l a t o r  and r e c e i v e r  l o c a l  o s c i l l a t o r s ,  o f  the  t r a n s m i t t e r  
modulat ion and r e c e i v e r  demodulation l i n e a r i t y  and o f  the  d i s t o r t i o n  i n -  
t roduced by f i  1 t e r s .  

These r e s t r a i n t s  a re  i n  the  form of 

RF equipment 

2.4.3.2 Video Processing L i m i t a t i o n s  

The video p o r t i o n  o f  t he  constant  bandwidth system i s  from the  subcar r i e r  
o s c i l l a t o r  t o  t h e  RF modulator and from the  RF rece ive r  t o  the  subcar r i e r  
demodulator, re ference F igure  2-18. The 1 i m i t a t i o n s  are  from technique 
i n  the  baseband s t r u c t u r e  and from the  equipment. The baseband process 
i s  determined from the  pass band o f  t he  RF requirements. These requ i re -  
ments l i m i t  t he  base band spectrum and the  amount o f  dev ia t i on  each sub- 
c a r r i e r  can dev ia te  the  t ransmi t te r .  Channel i n t e r a c t i o n  becomes the  most 
p r o h i b i t i v e  i n f l uence  i n  determin ing the  number o f  channels t o  be used 
i n  the  base band. This  i n t e r a c t i o n  i s  t he  r e s u l t  o f  the  power spectrum 
o f  each channel as r e l a t e d  t o  the  subcar r i e r  modulat ion index. The l a r g e r  
the  modulat ion index i s  made the  more the ac tua l  data power w i l l  be con- 
ta ined  i n  a p r a c t i c a l  band spectrum about t h e  subcar r ie r ,  the  reverse i s  
t r u e  o f  modulat ion index reduct ion.  The passable data bandwidth i s  
l i m i t e d  by present  techniques t o  prevent  data power o f  a channel from being 
added t o  another du r ing  demodulation. 

The t y p i c a l  system video processing equipments a re  mixer  amp l i f i e rs ,  
t r a n s l a t o r s  , pre-emphasis u n i t s  , and associated f i  1 t e r s  f o r  t he  modu- 
l a t i o n  and, de-emphasis, de t rans la to rs ,  tape recorders,  tape speed 
compensation, and associated f i l t e r s  f o r  demodulation. The phys ica l  
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216 t o  260 MHz 
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40 db m i n .  

*To be vacated by 1970 

FIGURE 2-19 FCC ALLOTTED FREQUENCY BANDS 

I *3 KHz Bandwidth I 

1 .  The IRIG requirement of the 3 KHz bandwidth power level for 
area A i s  as noted: 40 d b  min down from the unmodulated ca r r i e r  
amp1 i tude. 

2.  The IRIG requirement of the 3 KHz bandwidth power level fo r  area B 
i s  as noted: xwhere x = 55 t 10 log (measured ca r r i e r  power output) 
and  i s  f o r  c a r r i e r  power levels  greater  than 40 mill iwatts.  

FIGURE 2-20 IRIG CARRIER POWER BANDWIDTH REQUIREMENTS - VHF 
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NMODULATED CARRIER AMPLITUDE 

I 
f C 

*3 KHz Bandwidth 

1. The I R I G  requirement o f  t h e  3 KHz bandwidth power l e v e l  f o r  
t h e  area A i s  as noted: 60 db min down from t h e  unrnodulated 
c a r r i e r  amp1 i tude. 

2. The I R I G  requirement of t h e  3 KHz bandwidth power l e v e l  f o r  
t h e  area B i s  as noted: x , where x = 55 + 1@ l o g  (measured 
c a r r i e r  power o u t p u t )  and i s  f o r  c a r r i e r  power l e v e l s  g r e a t e r  
than 4 wat ts .  

3. Exceptions are made o f  t h e  above f o r  w ide r  c a r r i e r  bandwidths 
r e f .  I R I G  spec. 106-66, Paragraph 5.1.2.2.3 ( e )  ( 2 ) .  

FIGURE 2-21 I R I G  CARRIER POWER BANDWIDTH REOUIREMENTS - UHF 

2-49 



b 

c 

D5-13402-1 

2.4.3.2 ( Cont i nued)  

res t ra in t  l imitations of the equipments are  the dis tor t ions introduced by 
the non-linearit ies of the mixer amplifiers, pre-emphasis, de-emphasis, 
and f i l t e r s ,  i n s t ab i l i t y  of the t rans la tor  and detranslator ,  and tape 
speed in s t ab i l i t y  of the tape recorder. 

2.4.3.3 Data Modulator - Demodulator Limitations 

Subcarrier modulators and demodulators contribute t o  system limitation 
by non-linearity of the modulator voltage t o  frequency t ransfer  function 
and non-1 inear i ty  of the demodulator frequency t o  voltage transfer funct ion , 
subcarrier frequency in s t ab i l i t y ,  DC shifts  and f i l t e r s .  Non-linearity 
and in s t ab i l i t y  l imitations become most severe a t  the lower and upper 
baseband spectrum, respectively. With a constant deviation fo r  a1 1 sub-  
car r ie rs  and a reduction in channel frequency the deviation becomes an 
appreciable fraction of the channel frequency causing the modulator and 
demodulator t o  have much larger  excursion range. T h i s  resul ts  i n  l inear i ty  
l imitations of the physical unit. 
c a r r i e r  center frequency increases such tha t  the deviation becomes an 
increasingly smaller fraction causing modulator and demodulator s t a b i l i t y  
requi rements tha t  become physically 1 imi ted. These 1 imitations are pri - 
marily the resu l t  of  the data transmission technique and are  graphically 
i l l u s t r a t ed  in Figure 2-22. The normal equipment contributors t o  system 
limitation are the DC shif ts  and dis tor t ion introduced by modulator- 
demodulator f i l t e r s .  

A t  the upper baseband spectrum the s u b -  

2.4.4 System Error 

System error and system limitation are different  i n  t ha t  system limi- 
tation pertains t o  the theoretical  and actual physical l imitations of a 
system and system er ror  pertains t o  the inaccuracies due t o  equipment. 
System equipment errors  can be generally categorized as 1 ineari t y  , stabi - 
l i t y ,  DC shifts  and dis tor t ion (harmonic-intermodulation). System e r ro r  
can be expressed as average e r ror ,  root-mean-square error, or peak error .  
The method used depends on the par t icular  system requirement. 
mally accepted system e r r o r  of constant bandwidth i s  2 t o  5 percent. 
Two percent corresponds t o  a modulation i n d e x  of  5 and five percent 
corresponds t o  a modulation index of 2 .  

The nor- 

2.4.4.1 RF Error 

RF e r rors  as described here pertain t o  the errors contributed by the 
RF equipment. 
f i e r s ,  preselector and receiver. 
f ican t  contributors are  the non-1 ineari  ty  of the transmitter modulator 
and receiver local o sc i l l a to r s ,  DC shif t  of DC response transmitter modu- 
l a t o r  and receiver demodulator, and dis tor t ion introduced by the trans- 
mitter f i l t e r s  and receiver RF - IF  demodulator f i l t e r s .  

The RF equipment consist  of the t ransmit ter ,  power ampli- 
O f  these equipment errors  the most signi-  
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2.4.4.2 Video Errors 

Video processing i s  from the subcarrier modulator t o  the t ransmit ter  
modulator and from the receiver demodulator t o  the subcarrier demodu- 
la tor .  

The e r r o r  contributors of this  portion of the data flow are  the mixer 
amplifiers,  t rans la tors ,  f i l t e r s ,  preconditioners of the t ransmit ters ,  
tape recorder de-emphasis and detransl a tors .  

2.4.4.3 Subcarrier Modulator - Demodul a tor  Error 

These units contribute errors  of DC s h i f t s ,  s ens i t i v i ty  in s t ab i l i t y ,  
non-linearity and dis tor t ion.  
data feed-through and demodulation ca r r i e r  feed-through. 

2.4.5 Checkout Parameters 

The following parameters are those necessary t o  check out an operational 
constant bandwidth vehicle system. The parameters and  the typical values 
are  in tabular form i n  the succeeding system areas. 

Unique e r rors  of these units a re  modulation 

2.4.5.1 RF 

Transmitters 

Parameter 
Center Frequency Stabi 1 i ty  
Power 
Modulated Bandwidth  
(Function of Mod Sens i t iv i ty)  

2.4.5.2 Video 

Trans1 ators  

Pa rame t e  r 

Frequency Stabi 1 i t y  
Frequency Accuracy 
Spurious O u t p u t  Signal 

Value 
IRIG 
IRIG 
IRIG 

Val ue 

0.015% 
0.005% 
-46 db  o r  less  from 
referenced center 
ca r r i e r  amp1 i tude  
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2.4.5.2 (Continued) 

Pre-Emphasis 

Parameter Value 

Schedule: 1. Subcarrier Amplitude IRIG 
2 .  Transmitter IRIG 

Deviation/Subcarrier 

2.4.5.3 Modul a t o r  

Parameter Val ue 

Center Frequency Accuracy 0.1% 
Center Frequency Stabi 1 i t y  0.1% 
Linearity 0.1% 

2.4.5.4 System 

Pa ramet e r Val ue 

Accuracy: MI 5 2% 
MI 2 (Normal i zed/Ampl i tude) 5% 

D i  s t o r t  i on 
S/N ( fu l l  scale  rms signal t o  30 db  min. 

1 %  

rms noise) 

2.4.6 Optimization of Proportional and Constant Bandwidth 
System Checkout Equipment 

2.4.6.1 General 

Proportional bandwidth (PBW) and constant bandwidth (CBW) a re  par t icu lar  
forms of FM modulation. Both have s imilar  system functional identit ies 
i n  t h a t  each requires FM modulators and demodulators t ha t  are  basically 
identical  , differ ing only i n  compliance w i t h  system parameters of center 
frequency, deviation, and data bandwidth, The major systems difference 
i s  tha t  constant bandwidth uses a frequency t ranslat ion technique t o  
effect ively u t i l i z e  the baseband spectrum. 

2.4.6.2 O p t i m i  za t i  on 

Optimization of ground equipment of these systems are  somewhat realizable 
t h r o u g h  the basic commonality of the demodulator equipment. B u t ,  s ince 
a demodulator has t o  comply w i t h  the  center frequency, deviation and 
data  bandwidth of a channel per e i t h e r  system, optimization becomes re- 
s t r i c t e d  i n  t ha t  e i the r  manual o r  automatic means must be incorporated 
t o  change the t u n i n g  and f i l t e r  elements of  the demodulator such tha t  a 
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2.4.6.2 ( Con t i  nued) 

demodulator may be used i n  e i t h e r  system and f o r  d i f f e r e n t  channels w i t h -  
i n  a system. Determining whether manual o r  automat ic methods are  best  
depends on f a c t o r s  o f  t ime requ i red  t o  sw i tch  between systems and cos t  
o f  automation. 
f a c t o r ,  then the  change over  can be accomplished by manual replacement 
of the  tun ing  and f i l t e r  element modules. 
the  demodulator must have p rov i s ions  f o r  au tomat i ca l l y  sw i t ch ing  over 
these elements i n t e r n a l l y .  Obviously cos t  becomes g rea te r  w i t h  t h i s  
f a c i  1 i ty. 

When t ime requ i red  f o r  system changeover i s  n o t  a prime 

When t ime i s  a prime f a c t o r ,  

A cursory d iscuss ion f o l  lows o f  present i n d u s t r y  capabi 1 i ty  o f  methods 
f o r  a t y p i c a l  21 channel system o f  combined PBW and CBW. Note t h a t  
de t rans la t i on  equipment i s  a separate i tem o f  non-commonality. 

2.4.6.3 Methods 

Manual - The manual method requ i res  a s u f f i c i e n t  number o f  t un ing  and 
f i l t e r  p l u g - i n  modules t o  accommodate the  channels o f  both systems. 
For 21 channels t h i s  needs, as a minimum,42 tun ing  u n i t s ,  which inc lude 
the bandpass f i l t e r  elements, and 42 lowpass f i l t e r  u n i t s  p lus  a d d i t i o n a l  
u n i t s  f o r  constant  amp1 i tude o r  1 i n e a r  phase requirements. 
o f  the  demodulator i s  requ i red  a f t e r  changes o f  the  tun ing  and f i l t e r  
element u n i t s .  Patching prov is ions  o r  manual sw i tch ing  i s  requ i red  f o r  
the de t rans la t i on  equipment t o  remove and apply t h i s  f u n c t i o n  dur ing  PBW 
and CBW operat ion,  respec t i ve l y .  Thus, manual opera t ion  w i l l  have less  
complex equipment, l a r g e r  module s to res  quan t i t y ,  longer  t r a n s i t i o n  
t ime, more operator  involvement, be more r e l i a b l e ,  and should be a more 
economical system when t ime i s  n o t  a prime f a c t o r .  

Adjustment 

Automatic - The automat ic method requ i res  demodulators t h a t  can be 
au tomat ica l l y  switched t o  d i f f e r e n t  channels w i t h i n  a system and t o  
the  d i f f e r e n t  systems w i thou t  removal and replacement o f  p l u g - i n  modules 
o r  adjustments, a l s o  automat ic sw i tch ing  o f  the  de t rans la t i on  equipment 
i s  requi red.  An au tomat i ca l l y  swi tchable demodulator general l y  costs  
an order  o f  magnitude h igher  than a manual d i sc r im ina to r .  
cos t  and i n c l u s i o n  o f  automat ic con t ro l ,  the  t o t a l  cos t  should be from 
10 t o  15 times t h a t  o f  a manual system. Thus, when t ime i s  a prime 
factor ,  t h e  a d d i t i o n a l  cos t  w i l l  be of fset  by the  sho r t  t r a n s i t i o n  and 
s e t  up t ime. Present i n d u s t r y  systems can swi tch  and s e t  up i n  m i l l i -  
seconds, whereas, manual t ime i s  i n  the  realm o f  0.5 t o  1.5 hours. 

With t h i s  

2.5 PCM AND PAM CHECKOUT PROBLEMS AND SOLUTIONS 

This  i n v e s t i g a t i o n  o f  PAM/PCM checkout problems and so lu t i ons  i s  d i -  
rec ted  t o  those encountered i n  h igher  pu lse ra tes  and spec ia l  coding 
techniques, as r e l a t e d  t o  system techniques and equipment. 
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2.5.1 Theore t r i ca l  Considerat ions 

The f i r s t  source o f  i n fo rma t ion  which should be considered when ap- 
proaching new techniques i n  data t ransmiss ion and r e t r i e v a l  i s  t he  
theory behind the  process. The parameters i n  quest ion are  h igher  data 
(pu lse)  ra tes  and spec ia l  coding techniques. Accepted p resen t l y  as a 
use fu l  expression f o r  data r a t e  t ransmission, under the  cond i t i ons  o f  
constant average power and gaussian no ise  d i s t r i b u t i o n  func t i on ,  i s  the  
Shannon equat ion:  

S Rmax = Wlog (1  t -) N 

R = data r a t e  i n  b i t s  per  second 

W = bandwidth 

S = average s igna l  power 

N = average no ise  power 

Therefore, most o f  the  problems o f  d i g i t a l  data t ransmiss ion can be 
s ta ted  as fo l l ows :  What i s  going t o  happen t o  the  r e l a t i o n s h i p  between 
the channel, charac ter ized  by i t s  bandwidth and inhe ren t  noise,  the  
maximum a l lowab le  s igna l  l e v e l ,  (a  f i x e d  o r  v a r i a b l e  s igna l  t o  no ise  
r a t i o )  and t h e  data, i s  descr ibed s o l e l y  by the  number o f  i n fo rma t ion  
b i t s  per  u n i t  t ime t o  be processed, and the  expected p r o b a b i l i t y  o f  

1 e r r o r .  

2.5.2 E r ro rs  and Problems Encountered from the  use o f  Higher Pulse 
Rates i n  PCM Modulat ion and Demodulation Techniques 

It i s  assumed t h a t  e r r o r s  i n  a b i t  stream occur i n  an independent o r  
random fashion. Random b i t  e r r o r s  t h a t  occur i n  PCM data w i l l  n o t  on ly  
add a component o f  mean square e r r o r  t o  the  data, bu t  in t roduces a b ias ing  
e f f e c t .  The b ias  being de f ined as the  dev ia t i on  from the  mean o f  an ex- 
pected ( p r o b a b i l i t y  o f  e r r o r )  value,* Between each N data words a sync 
word i s  p laced c o n s i s t i n g  o f  m b i t s .  The purpose o f  the sync word i s  t o  
de tec t  e r ro rs ,  due t o  b i t  s l ippage, b i t  e r r o r  ra te ,  s igna l  b lank ing  i n  
the  processing l i n e ,  e tc .  The data r a t e  should be used t o  determine the  
type o f  coding techniques which w i l l  y i e l d  a r e l i a b l e  synchronizat ion 
pa t te rn .  
o f  mismatches o r  e r r o r s )  o f  t he  pre-se t  sync word p a t t e r n  w i t h  the t rans -  

One technique u t i l i z e s  an au toco r re la t i on  (a  count o f  the  number 

'Bernfeld,  Marvin, "Pulse Compression Techniques", IEEE Proceedings, 
Volume 51 , September 1963. 

2Rechtin, E. , "Lunar Communications':, John Wiley and Sons, Inc., 1964 
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2.5.2 (Continued) 

m i t t e d  sync word pa t te rn .  
o r  proper  hardware p e r f o  mance w h i l e  a low au toco r re la t i on  i n d i c a t e s  
a probable l oss  o f  sync.T The h igher  t h e  b i t  r a t e  the  more i n t r i c a t e  
the c o r r e l a t i o n  becomes. Most present  day demodul a to rs  consider  one b i t  
o f  each word a t  a t ime; there fore ,  making no s t a t i s t i c a l  dependence be- 
tween data samples. Thus, as h igher  data ra tes  are  encountered the re  i s  
less  t ime f o r  i n t e r r o g a t i o n  on the  t r a n s m i t t i n g  end and the  t ime t o  
d i s t i n g u i s h  between data and e r r o r s  on the  r e c e i v i n g  end i s  reduced. 

A h igh  au toco r re la t i on  i nd i ca tes  low no ise  

A coding technique which l i e s  midway between e r r o r  de tec t i on  coding and 
e r r o r  co r rec t i on  coding i s  b lock  coding. 
o f  rece ived d i g i t s  i s  subdiv ided i n t o  an i n t e g r a l  number o f  mutua l l y  
exc lus ive  and exhaust ive sub-blocks. Then e r r o r s  t h a t  occur w i t h i n  
p a r t i c u l a r  sub-blocks are detected a t  the  rece iver ,  and i n  add i t i on ,  
the  r e c e i v e r  i s  ab le t o  spec i f y  which p a r t i c u l a r  sub-blocks conta in  
e r ro rs .3  This scheme i s  s i m i l a r  t o  t h a t  employed on the  Mar iner  space- 
c r a f t  where data ' s  t ransmi t ted  over a h igh  speed data l i n k  us ing  double 
e r r o r  ~ o r r e c t i n g . ~  The technique has been sometimes r e f e r r e d  t o  as Burs t  
t ransmiss ion which i n f e r s  t h a t  data i s  assemblied i n t o  a d i s c r e t e  u n i t  
and t ransmi t ted  as a b lock.  A b lock cou ld  be de f ined as conta in ing  a l l  
parameters se lec ted  from a s i n g l e  te lemet ry  l i n k  i n  one master frame. 

I n  t h i s  technique, t h e  b lock  

As the  i n v e s t i g a t i o n  cont inued i t  became apparent, p r i n c i p a l l y  from the  
l i t e r a t u r e ,  t h a t  as data ra tes  were increased t h e  associated checkout 
and r e l i a b i l i t y  problems w i t h  respect  t o  data synchronizat ion,  no ise  and 
accuracy, a l s o  increased. The c o r r e l a t i o n  technique s t a r t e d  t o  become 
more e labora te  regard less o f  t he  coding technique employed i n  the  b i t  
stream (NRZ, MNRZ, Bi-Phase, Mark o r  Space, e t c . ) .  Special  coding 
techniques were employed t o  hope fu l l y  y i e l d  a h igher  r e l i a b i l i t y  i n  data 
a c q u i s i t i o n  a t  t h e  ground s t a t i o n .  The most popu lar  o f  these codes being 

'Kuhn, B. G., Morey, K. H., and Smith, W. B., "The Orthomatch Data 
Transmission System", I E E E  Transact ions on Space E lec t ron i cs  and 
Telemetry, Volume Set-9, September 1963. 

'Miyauchi , K. , "Experiments on B inary  Pulse Regeneration a t  B i t  Rates 
o f  160 and 320 MC i n  the  l l - G C  Region", I E E E  Proceedings, Volume 51, 
September 1963. 

3Barnard, G. A., Cox, W. R. and Yoshikawa, T., "Design and Operat ion 
o f  a D i g i t a l  S imulat ion fo r  the  NASA Data Network", I n t e r n a t i o n a l  
E lec t ron i cs  Conference, 1964. 

4Schomburg , R. A. , "Computer S imu la t ion  o f  Data Compressor f o r  Aero- 
space Telemetry Systems", I n s t i t u t e  o f  Radio Engineers, October, 1962. 
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a low cross c o r r e l a t i o n  technique us ing  orthogonal  and b ior thogonal  
coding schemes. An added fea tu re  being phase coherence. 

It appears t h a t  an optimum system from the  v iewpoint  o f  t ransmiss ion 
e f f i c i e n c y  would be one which employs a phase coherent b ior thogonal  
scheme t r a n s m i t t i n g  d i g i t a l  data w i t h  a generated t r a n s i t i o n  on a l l  
b i t s  o f  in fo rmat ion .  The data r a t e  would be a f u n c t i o n  o f  Shannon's 
equat ion and i t  would be v a r i a b l e  t o  ad jus t  f o r  changes i n  t h e  r a t i o  o f  
S t o  N. I f  phase coherence i s  s a c r i f i c e d ,  then the  complexi ty i n  the  
c o r r e l a t o r  schemes are  increased a t  the ground s t a t i o n  t o  ob ta in  sync 
re1 i ab i  1 i ty  . 
Pa t te rn  (code) recogn i t i on  t o  ob ta in  synchronizat ion uses the  p a t t e r n  , 
(b ina ry  representa t ion  o f  a sync word) the  p a t t e r n  complement, the  p a t t e r n  
m i r r o r s  , and m i r r o r  complement. M a t r i x  generat ion o f  these codes based 
upon orthogonal  and b ior thogonal  coding y i e l d s  a programmed (one poss i -  
b i l i t  i n  a u n i t  m a t r i x )  m a t r i x  t o  ob ta in  a comparison f o r  sync recogni-  
t ion.' On a baseband channel o f  l i m i t e d  bandwidth and per turbed by wh i te  
noise,  polynominal codes (non random b ina ry )  have a l so  been shown t o  be 
q u i t e  e f f i c i e n t  i n  producing a low e r o r  p r o b a b i l i t y  a t  a g iven informa- 
t i o n  r a t e  and s igna l  t o  no ise  r a t i o .  5 
I n  checking ou t  PCM systems w i t h  h igher  b i t  ra tes ,  the  synchronizat ion 
r e l i a b i l i t y  i s  t he  key t o  the  accuracy o f  t he  i n fo rma t ion  being received. 
Adequacy o f  frame sync codes t o  synchronize s p e c i f i c  l eng th  frames under 
a n t i c i p a t e d  s igna l  t o  no ise  cond i t i ons  should be thoroughly  tes ted .  

2.5.3 E r ro rs  and Problems Encountered from use o f  High Pulse Rates 
i n  PAM Modulat ion and Demodulation Techniques 

Shannon Rate D i s t o r t i o n  f u n c t i o n  g ives the  te lemet ry  r a t e  necessary t o  
t ransmi t  data from a source w i t h  a given l e v e l  o f  d i s t o r t i o n .  
known t h a t  a gaussian process w i t h  a given spectrum requ i res  a l a r g e r  
r a t e  than any o the r  process w i t h  the  same spectrum; f u r t h e r ,  t he  r a t e -  
ve rsus -d i s to r t i on  curve f o r  a gaussian process w i t h  a g iven spectrum 
i s  e a s i l y  e v a l ~ a t e d . ~  
i n fo rma t ion  beina grocessed over  a PAM channel. 

I t  i s  

D i s t o r t i o n  destroys the  absolute maqnitude of t h e  

'Boeing document T2-113458-1 , "Performance P o t e n t i a l  o f  Biorthogonal  
(16,5) Coding i n  Space Telecommunications", 1966, F l i n t ,  C. C.; 
Meerdink, K. J . ;  Ritchey, 0. W.; and Reeves, M. L. 

on In fo rmat ion  Theory, Volume IT-10, October 1964. 

System Analys is" ,  I n t e r n a t i o n a l  Convention on M i l i t a r y  E lec t ron i cs ,  
September 1963. 

'Kautz, W. H., "Nonrandom Binary Superimposed Codes: , I E E E  Transact ions 

3Bendick, M., "The Funct ional  Time Diagram Method of Command and Control  
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As the  PAM data r a t e  i s  increased the  r i s e  and f a l l  t imes must become 
s h o r t  such t h a t  the  absolute magnitude of t he  channel being sampled i s  
i n te r roga ted  over the  worst  sampling per iod.  This  increases the  pass 
band o f  t he  data channel. To ob ta in  fas te r  r i s e  and f a l l  t imes, dep ic t s  
h igher  cur ren ts  which generate a h igher  ambient no ise  l e v e l  w i t h i n  the  
system. S u f f i c i e n t  t ime must be al lowed f o r  t he  f a l l  t ime o f  t he  pre-  
ceding channel pu lse  t o  l e t  i t s  t r a n s i e n t  v i r t u a l l y  disappear before the  
gate i s  open f o r  the  nex t  channel t o  be sampled; otherwise, t he  ampl i -  
tude o f  the  f i r s t  channel pu lse  w i l l  i n f l uence  the  magnitude o f  t he  
nex t  g i v i n g  r i s e  t o  c r o s s t a l k  between channels. 
there  i s  n o t  much t ime f o r  an ana log - to -d ig i t a l  conver te r  (ADC) t o  i n -  
te r rogate ,  encode the  data i n  the  same r e a l  t ime domain t h a t  data i s  
received, and ou tpu t  t he  data f o r  i n t e r p r e t a t i o n .  

A t  the  r e c e i v i n g  end 

Synchronizat ion problems are the  same as w i t h  PCM. 

Noise superimposed upon data w i l l  be the  l a r g e s t  expected problem en- 
countered dur ing checkout, and t r y i n g  t o  determine the  amount o f  quant i -  
za t i on  and the  analog t o  d i g i t a l  encoding technique requ i red  t o  o f f s e t  
t h i s  cond i t i on  cou ld  become a r e a l  task.  

2.5.4 Checkout Problems & So lu t ions  

Some checkout problems due t o  h ighe r  pu lse  r a t e  PCM and PAM are  summarized 
i n  Table 2-VI11 along w i t h  so lu t i ons  and t h e  impact on t h e  checkout equip- 
men t . 
2.5.5 Conclusions 

The present  t rends i n  data a c q u i s i t i o n  are d i r e c t e d  toward programming 
the  data commutators, d i g i t i z i n g ,  quan t i z ing  and performing data reduc t ion  
and checkout processes w i t h i n  the  veh ic le  systems. 
by the  f a c t  t h a t  work on such systems as: Addressable Time D i v i s i o n  
Data System (ATDDS) , Experiment Data A c q u i s i t i o n  Systems (EDAS), On- 
Board Vehic le  Checkout Systems (OVCS) , Computer Control  Communication 
Systems (CCCS), which are  on ly  a few t h a t  a re  space re la ted ,  are i n  a 
development phase. With the  new techno log ica l  advancements i n  i n t e -  
g ra ted  c i r c u i t s ,  a l l  these systems are  p r a c t i c a l .  Th is  helps t o  re -  
duce the  requirements f o r  increased pulse r a t e s  , because a p r i o r i t y  
can be assigned t o  t ransmi t ted  data, which i s  t o  be analyzed by the  
ground s t a t i o n ,  w i t h  respect  t o  programmed miss ion events. 

2.6 SATURN PROPORTIONAL BANDWIDTH CHECKOUT TECHNIQUES 

This  i s  es tab l i shed 

The present  MSFC and MSFC Contractor  Checkout techniques on Propor t iona l  
Bandwidth Systems were reviewed t o  v e r i f y :  
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2.6 (Continued) 

a. That a l l  t e s t s  r e q u i r e d  t o  determine t h e  component's o r  sub-system's 
performance a re  be ing  performed. 

b. That a l l  t e s t s  a re  be ing  performed p r o p e r l y .  

c. That no unnecessary t e s t s  a re  be ing  conducted. 

2.6.1 General Review o f  t h e  Parameters Which Con t r i bu te  t o  FM/FM 
Sys tem E r r o r s  

3 The o v e r a l l  system accuracy o f  t h e  Saturn FM/FM and FM/FM/FM (FM ) 
systems should be v e r i f i e d  t o  w i t h i n  3 percent  o f  t h e  f u l l  s c a l e  vo l tage  
requ i  r e d  t o  devi  a t e  each s u b c a r r i e r  o s c i  11 a t o r  (SCO) from one bandedge 
l i m i t  t o  t h e  n e x t  hen measured a t  t h e  checkout s t a t i o n  s u b c a r r i e r  d i s -  
c r i m i n a t o r  ou tpu t .q  To a t t a i n  t h i s  accuracy, t e s t s  must be performed 
on each p i e c e  o f  hardware w i t h i n  t h e  system t o  determine t h a t  those para- 
meters which c o n t r i b u t e  t o  t o t a l  system e r r o r  a r e  w i t h i n  pre-determined 
to le rances .  
f o r  o p t i m i z a t i o n  o f  e r r o r s  throughout t h e  complete system - i . e .  f l i g h t ,  
ground, and checkout equipment. To d e f i n e  a complete s e t  o f  parameters 
which c o n t r i b u t e  t o  t o t a l  system e r r o r  w i t h o u t  f i r s t  d e f i n i n g  t h e  
e n t i r e  system would be ambiguous; however, few e r r o r s  which u s u a l l y  make 
t h e i r  c o n t r i b u t i o n  i n  an FM/FM system a r e  t r a n s m i t t e r  and SCO dynamic 
l i n e a r i t y ,  t r a n s m i t t e r  and SCO pre-emphasis, harmonic d i s t o r t i o n  o r  
c r o s s t a l k  i n  t h e  d i s c r i m i n a t o r  o r  m u l t i p l e x  system and tape reco rde r  
system, spur ious produc ts  o u t s i d e  t h e  maximum d e v i a t i o n s  assigned t o  
each SCO and t r a n s m i t t e r  c a r r i e r  frequency, i n c i d e n t a l  FM and e r r o r s  i n  
t h e  demodulator re fe rence  frequency. These parameters a r e  n o t  t o  be 
confused w i t h  e r r o r s  which a r e  c o n t r i b u t e d  by t e s t  and checkout equip- 
ment c a l i b r a t i o n  accuracies which a r e  always present  i n  any system. 
A l l  e r r o r s ,  rega rd less  o f  t h e  source, add i n  some a l g e b r a i c  expression 
t o  make up t h e  t o t a l  system e r r o r .  

The system t e s t s  shou ld  i n c l u d e  sub-assembly t e s t  r e s u l t s  

The bes t  method of reduc ing  system e r r o r  i s  through sub-assembly t e s t i n g  
and e v a l u a t i o n  where s e c i a l  t e s t s  and c a l i b r a t i o n  curves unique t o  t h e  
t e s t  specimen a r e  run.8 Then p r e d i c t e d  r e s u l t s  o r  c o n t r i b u t e d  e r r o r  f rom 
each assembly w i t h i n  t h e  system i s  known. A t y p i c a l  Saturn p r o p o r t i o n a l  
bandwidth system broken down i n t o  a sub-assembly l e v e l  i s  shown i n  
F igu re  2-23. A l l  assemblies shown t o  be on t h e  v e h i c l e  have t e s t  r e -  
quirements and procedures which v e r i f y  t h e  performance o f  each a t  t h e  
sub-system l e v e l  , so each assembly has been r e q u i r e d  t o  pass through 
a t o l e r a n c e  window be fo re  i n s t a l l a t i o n  i s  made a t  t h e  n e x t  assembly 

'S-IC STAGE END ITEM TEST PLAN, 66B10901, October 29, 1964. 

'Space Veh ic le  Stage Ana lys is  and Checkout Guide1 ines ,  SR-QUAL-64-13 , 
May 1, 1964 
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2.6.1 (Continued) 

l eve l . '  
the discriminator ca l ibra tor ;  vehicle cal ibrat ion data i s  then compared 
against the discriminator Cali brator t o  o b t a i n  the system er ror .  
t h i s  method of tes t ing ,  a high confidence level and predicted accuracy 
can be achieved. 

The receiving s ta t ion  i s  calibrated based on the accuracy of 

T h r o u g h  

2.6.2 A Review of Present MSFC Test Requirements a t  the Sub-system 
and System Levels 

A prerequisite t o  assembled end-item checkout i s  t h a t  a l l  component 
t e s t s  be made t o  MSFC approved checkout guidelines. The t e s t  philosophy 
has been t o  have several levels of tes t ing whereby a l l  functional t e s t  
parameters have been thoroughly evaluated by the time the system i s  
ready fo r  an end-item checkout. The t e s t s  range from component t e s t ing ,  
wherein tolerance specifications are  ver i f ied before ins ta l la t ion  into 
the next higher assembly, t o  system evaluation o r  post-manufacturing 
checkout were the performance of the en t i r e  system i s  verif ied.  
reason t o  require such a thorough s e t  of t e s t  requirements i s  t o  obtain 
the highest possible level of confidence in the system, because each 
component and  each assembly i s  purchased o r  manufactured t o  some type of 
specification and control requirements which depict functional performance 
requi rements. 

The only 

With t h i s  t e s t  philosophy i t  appears tha t  several t e s t s  during the lower 
t e s t  levels could perhaps be re- i terated several times; however, i t  i s  
o u t  of the scope of t h i s  task t o  determine where the saturation point 
on a curve of r e l i a b i l i t y  predictions versus operating ( t e s t )  time will 
l i e .  A t  the component and sub-system level of checkout the following 
t e s t s  are required by MSFC t o  verify operational s ta tus  of a typical 
S a t u r n  type (FM/FM) Proportional Bandwidth System: 
and tolerances were specified in MSFC Document 6753-P(TR) 
as typical examples). 

(The Jollowing t e s t s  
and are  l i s t e d  

a. Bandedge Limits 

The bandedge l imi t s  t o  which each SCO i s  deviated i s  determined by 
- + l .  0 hertz or + 1.0  percent of data bandwidth, whichever i s  greater  
using standard-IRIG specifications.  
c l a r i f i ca t ion  since the IRIG telemetry standards were revised March 
1966 and the data bandwidth  i s  given i n  both a nominal and maximum 

This tolerance should have some 

'S-IC Stage and GSE Test Tolerance Guide, D5-11148. 

'Saturn Instrumentation Systems Test Requirements, 6753-P (TR) , 
MSFC-R-QUAL, May 22, 1967, Changed September 25, 1967. 
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2.6. 2 ( Cont i n ue d ) 

a. (Continued) 

frequency response.' 
quency response would be t h e  da ta  bandwidth. Maximum frequency 
response (modulat ion index  o f  1 )  should o n l y  be used when da ta  
q u a n t i t y  i s  t h e  pr imary  emphasis r a t h e r  than da ta  q u a l i t y .  Th i s  
t o l e r a n c e  va lue  i s  d i r e c t e d  more a t  a sub-assembly l e v e l  t e s t  r z -  
quirement and cou ld  be d i f f i c u l t  t o  measure a t  t h e  system l e v e l .  

For a modu la t ion  index  o f  5, t h e  nominal f r e -  

b. L i n e a r i t y  

The SCO l i n e a r i t y  i s  s p e c i f i e d  as + 1.0 percent  o f  t h e  design band- 
w i d t h  o f  a t h e o r e t i c a l  s t r a i g h t  l i n e  rep resen t ing  t h e  i n p u t  vo l tage  
versus o u t p u t  frequency o f  t h e  SCO. 
d e f i n e  the  t h e o r e t i c a l  l i n e  w i t h  one o f  t h e  bes t  being t h e  method 
o f  Least Squares Approximation. The method i s  u s u a l l y  determined 
around the  ground s t a t i o n  checkout c a p a b i l i t y .  The l e a s t  squares 
approx imat ion  method requ i res  automat ic (computer c o n t r o l  l e d )  ground 
s t a t i o n  checkout equipment i n  o r d e r  t o  o b t a i n  a f a s t  s o l u t i o n  response. 
A s imp le  method i s  t o  assign a to le rance  band around each c a l i b r a t i o n  
p o i n t  which represents  a go o r  no-go t ype  t e s t .  

Several methods a r e  used t o  

c. Pre-Emphasis 

The pre-emphasis o f  each SCO i s  ad jus ted  such t h a t  t h e  o u t p u t  ampl i -  
tude dev ia tes  the  RF c a r r i e r  frequency a Pre-determined amount , 
- + 10%. 
c o n t r o l  o f  each a f fec ted  SCO be used. 
determined pre-emphasis schedule. The g a i n  c o n t r o l  on t h e  m ixe r  
a m p l i f i e r  i s  then used f o r  adjustment o f  t h e  t o t a l  FM m u l t i p l e x  
l e v e l .  
such t h a t  t h e  r a d i a t e d  spectrum does n o t  exceed a s p e c i f i e d  l i m i t  
ove r  a pre-determined percent  o f  a g i ven  t ime  i n t e r v a l .  

The pre-emphasis adjustments r e q u i r e  t h a t  t h e  ou tpu t  l e v e l  
These a r e  ad jus ted  t o  a p re-  

The m u l t i p l e x  l e v e l s  a r e  ad jus ted  t o  dev ia te  t h e  t r a n s m i t t e r  

A t  t h i s  p o i n t  something must be s a i d  about pre-emphasis o p t i m i z a t i o n .  
I d e a l l y ,  one m igh t  t h i n k  t h a t  t h e  pre-emphasis scheduled i s  o p t i -  
mized such t h a t  t h e  t r a n s m i t t e r  never exceeds i t s  s p e c i f i e d  d e v i a t i o n  
l i m i t ;  however, t h i s  doesn ' t  have t o  be, and f o r  optimum bandwidth 
e f f i c i e n c y  i s  n o t  t h e  case. The t ime  p e r i o d  f o r  which t h e  t r a n s -  
m i t t e r  d e v i a t i o n  can be exceeded ove r  an opera t i ng  p e r i o d  w i t h  a l l  
FM channels d e v i a t i n g  the  t r a n s m i t t e r  c a r r i e r  i s  f i x e d  a t  a maximum 
i.e.,  t h e r e  i s  a p o s s i b i l i t y  o f  a l l  FM components adding i n  phase 
such t h a t  t h e  t r a n s m i t t e r  d e v i a t i o n  exceeds + 125 K h e r t z  d e v i a t i o n .  
The amount o f  t ime  which t h e  t r a n s m i t t e r  i s  T l lowed t o  ove r  dev ia te  
such t h a t  spur ious  produc ts  e x i s t  o u t s i d e  i t s  assigned spectrum, due 

' I R I G  Telemetry Standards, 106-66, Revised March 1966. 
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2.6.2 (Continued) 

c. (Continued) 

t o  the fixed pre-emphasis schedule, might be a parameter which 
would be o f  in te res t  t o  know from a radio frequency interference 
view point. 

d.  Channel Verification 

Channel verification i s  used t o  identify each data channel by 
applying a stimuli and monitoring an expected response. 
integrated into the calibration t e s t s .  
stimulus i s  applied t o  each SCO and the response i s  verified by ground 
s ta t inn discriminators. All t e s t  parameters l i s t e d  herein can be veri- 
f ied by monitoring the discriminator response. 

This t e s t  i s  
A f ive point calibration 

All of these t e s t s  are applicable in determining the performance of a 
proportional bandwidth system. The tes t  requirements should be complete 
and directed toward obtaining a required system accuracy. 
be procedures f o r  performing each t e s t  and these procedures should be 
proven capable o f  validating the test  tolerances f o r  each performance 
pa ramet er  . 

There should 

2.6.3 Present MSFC Contractor Checkout Techniques 

All contractors are performing a l l  the t e s t s  which are  presented in para- 
graphs 2.6.2 a t  the component and system checkout level. 1,2,3 
techniques or  checkout procedures vary only in the configuration and types 
of hardware employed t o  perform the same tests.  The end resu l t  i s  the 
same, conformity by a l l  contractors i s  f i na l ly  reached a t  the launch 
complex where system checkout procedures a re  standardized as much as 
possible with respect t o  tolerances, methods or procedures, and time 
required in performing the programmed checkout requirements .4  

The 

'S-IC STAGE END ITEM TEST PLAN, 66B10901, October 29, 1964 

'Test and Checkout Specifications and Cri ter ia  for  S-IU-502, MSFC 

3Saturn S-I1 Integrated Test Requirements Report , SID-65-292, North 
American Aviation , September 1 , 1965. 

'Launch Vehicle Test Catalog Saturn V Apollo/Saturn 501, John F. Kennedy 
Space Center NASA Section I Test Procedure GP-307 January 15, 1967. 
Revision C - July 13, 1967, prepared by BATC f o r  S a t u r n  V Test Inte- 
gration and Planning Branch LV-TOM-3. 

NO. 111-4-405-10, IBM NO. 67-257-0005, August 1 ,  1967. 

2-64 



D5-13402-1 

2.6.3 ( Con t i n ued ) 

The key t o  reducing t h e  number o f  unnecessary t e s t s  and t h e  amount o f  
t ime r e q u i r e d  i n  per fo rming  each t e s t  has been t h e  documenting o f  t e s t  
requ i  rements and checkout procedures. 
around the  a v a i l a b l e  checkout equipment a t  t h e  severa l  c o n t r a c t o r ' s  
p l a n t s  and Government t e s t  s i t e s ;  and d r y  runs which v e r i f y  t h a t  t h e  
procedures are  capable o f  v a l i d a t i n g  each t e s t  requi rement  
s h o r t e s t  t ime  i n t e r v a l  p o s s i b l e  a re  made.l 

The checkout procedures a r e  w r i t t e n  

i n  t h e  

2.6.4 Concl us i ons 

A l l  t e s t s  which a r e  p r e s e n t l y  r e q u i r e d  by MSFC on P ropor t i ona l  Bandwidth 
Systems a r e  a p p l i c a b l e  i n  determin ing system performance. 
ph i losophy i s  s e t  up t o  o b t a i n  a h i g h  conf idence l e v e l  w h i l e  o b t a i n i n g  
a r e q u i r e d  system accuracy. 
requ i  rements and procedures. 
duc to r  t o  human e r r o r  i s  reduced w h i l e  performing each t e s t .  
t ime the  number o f  unnecessary t e s t  a re  reduced t o  a minimum because 
t e s t s  a re  n o t  be ing repeated. 

The t e s t  

A l l  t e s t s  are performed t o  documented t e s t  
Thus, t h e  suscept i  b i  1 i ty  o f  t h e  t e s t  con- 

A t  t he  same 

2.7 NEW TELEMETER SYSTEM SURVEY 

Due t o  the  l a t e  response o f  some te lemet ry  manufacturers du r ing  Phase A 
and t h e  constant  research i n  t h e  f i e l d  o f  t e lemet ry  i t  was necessary t o  
cont inue the  Phase A new te lemete r  system survey e f f o r t  du r ing  Phase B. 

2.7.1 Manufacturers Survey 

Dur ing t h i s  phase, responses t o  t h e  request  f o r  data f rom manufacturers,  
sen t  d u r i n g  Phase A, were s t i l l  be ing received.  Four a d d i t i o n a l  t e l e -  
metry  manufacturers responded a f t e r  submi t ta l  o f  t h e  Phase A repo r t .  
I n  a d d i t i o n ,  i n f o r m a t i o n  f rom one new company n o t  o r i g i n a l l y  s o l i c i t e d  
was received.  F i v e  companies have n o t  responded a t  a l l .  No new systems 
o r  techniques were descr ibed i n  t h e  l i t e r a t u r e  rece ived from manufacturers 
d u r i n g  t h i s  phase. 

2.7.2 New Techniques 

Al though no new techniques were uncovered, some a d d i t i o n a l  d e t a i l s  on 
a technique, new t o  MSFC, and p r e v i o u s l y  ment ioned i n  t h e  Phase A r e p o r t ,  
" M i  11 ime te r  Wave Car r i e r ' '  , are  i n c l u d e d  here. The NASA Goddard Space 
F l i g h t  Center i s  p lann ing  t o  i n c l u d e  a m i l l i m e t e r  wave communication 
system as an exper iment i n  the  Appl i ca t ions  Technology Sate1 1 i t e ,  ATS-E , 

'Launch Veh ic le  Test  Catalog Saturn V Apol lo /Saturn 501, John F. Kennedy 
Space Center NASA Sec t ion  I1 GP-307, Operat ional  Procedures. 
by BATC f o r  Saturn V Test  I n t e g r a t i o n  and Planning Branch LV-TOM-3. 

Prepared 

2-65 



D5- 1 3402 - 1 

2.7.2 (Continued) 

t o  be launched i n  early 1969. 
by the Martin Marietta Corp., i s  t o  study the propagati n variables tha t  
a f fec t  communication l inks i n  the 15 and 30 GHz region.7 Millimeter 
waves are  more subject t o  absorption, refraction and dispersion than 
lower frequencies. Absorption through the atmosphere i s  one of the most 
severe problems t o  be resolved. 
windows where atmospheric absorption i s  re la t ively l ow.  These regions 
occur below 20 GHz, 30 t o  40 GHz and a t  90 t o  100 GHz. The systen t o  
be flown on ATS-E will employ an up-link ca r r i e r  a t  31.65 GHz and a down- 
l ink ca r r i e r  a t  15.3 GHz. The s a t e l l i t e s  down-link transmitter delivers 
300 mw and will be phase modulated by the s a t e l l i t e  telemetry system. 

The objective of the experiment, bu i l t  

There are  certain frequencies o r  

Bell Telephone has recently completed a repeater which operates a t  
51.7 GHz and transmits data a t  306 megabits per second. 

' "Mi 11 i wave Sys tems Make Sol i d Advances", E l  ect roni c Design , 
Page 25, February 1 ,  1968 
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SECTION 3 

COiKLUS IONS AND RECOMMENDATIONS 

3.0 INTRODUCTION 

T h i s  section contains a discussion of the conclusions reached d u r i n g  the 
Phase G study, a recommended plan and schedule f o r  Phase C and a report 
of the progress of the contract  t o  date. 

3.1 PHASE B CorxLusIor~s 

Each of the requested areas of study was examined i n  depth t o  obtain the 
information required fo r  t h i s  phase and in  preparation f o r  the development 
of checkout equipment specif icat ions for these systems d u r i n g  Phase C .  

3.1.1 Unified S-Band Systems 

In regard to  the checkout pround s ta t ion  fo r  the Saturn and Apollo unified 
S-Eand systems, i t  ,was determined t h a t  one s ta t ion  could be employed t o  
transmit t o ,  and receive and demodulate data from each of these three Saturn 
and Apollo transponders. The receiver could also receive the Saturn IU 
PCM/FPI S-Band data. 
universal PCM decommutation s ta t ion  capable of accepting the various b i t  
rates and frame formats. 
command qenerator and tracking and ranging evaluators s o  t h a t  more e f f i c i e n t  
use could be made of the ground RF equipment. 
also require several other speci a1 i zed checkout capabi 1 i t ies  such as voice 
and FFI/FM discriminators not spec i f ica l ly  related t o  vehicle o r  spacecraft  
telemetry measurements. 

The demodulated PCM would be sen t  t o  a separate 

The s ta t ion  should a l so  contain the d ig i ta l  

The Apollo systems would 

3.1 . 2  Auxi 1 i ary Storaqe and P 1  ayback 

The Auxi  1 i ary Storage and P1 ayback , ASAP , equipment i s  bei ng developed by 
MSFC-Astrionics and i s  f o r  the most par t  compatible w i t h  the exis t ing 
Saturn d ig i ta l  receiving equipment w i t h  the exception of the frame format. 

3.1.3 Experiment Data Acquisition System 

The Experiment Data Acquisition System ( E D A S )  scheduled f o r  the S-IVU 
Orbital Workshop has been cancelled and an existing PCM system previously 
employed on Gemini will  be used. 

3.1.4 Constant Bandwidth 

The present capabili ty of industry can readily provide constant bandwidth 
systems t h a t  comply w i t h  any users par t icu lar  requirements. Industry has 
systems available tha t  provide data bandwidths other  than the IRIG standard 
of 400 Hz, 800 Hz and 1.6 KHz, and systems t h a t  circumvent the upper  
spectrum equipment incompatibility by t ranslat ion of the lower end spectrum. 
Also, these systems can extend below the 16 Ellz center frequency l imit  as 
established i n  IRIG structure .  
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3.1.5 PCM and PAM 

The i n v e s t i g a t i o n  o f  poss ib le  problem areas t h a t  may occur as a r e s u l t  
o f  increased PCM b i t  ra tes  and h i g h e r  PAM sampling ra tes  revealed t h a t  more 
complex synchronizat ion and noise r e j e c t i o n  c i r c u i t r y  would be requ i red  
if t h i s  t r e n d  was fol lowed. However, i t  was a l s o  po in ted  o u t  t h a t  there 
i s  a t r e n d  toward on-board data r e d u c t i  on and/or eval  u a t i  on thereby reducing 
the q u a n t i t y  o f  data t o  be recovered by ground s t a t i o n s  and hence negat ina 
the need f o r  h i g h e r  b i t  ra tes.  

3.1.6 P ropor t i ona l  Bandwidth 

The review o f  MSFC and c o n t r a c t o r  checkout techniques f o r  p r o p o r t i o n a l  
bandwidth systems v e r i f i e d  t h a t  the t e s t  requi  rements d i c t a t e d  by MSFC 
are be ing adhered t o  by the stage con t rac to rs  and t h a t  the t e s t s  performed 
are a l l  app l i cab le  i n  v e r i f y i n g  equipment readiness. 

3.1.7 New Telemeter Sys tem Survey 

No s i g n i f i c a n t l y  new systems o r  techniques were uncovered as a r e s u l t  
o f  t he  cont inued market survey. 

3.2 PHASE C PLAN AND SCHEDULE 

The recommended work t o  be accomplished dur ina Phase C y  as presented here, 
i s  based on d iscuss i  ons w i t h  the Contract  Techni ca l  Supervisor du r ing  
several  meetings toward t h e  end o f  Phase B. It was s tated,  dur ing one o f  
the meetings, t h a t  due t o  the con t rac tua l  o b l i g a t i o n s  o f  t he  AAP Systems 
I n t e g r a t o r  and the program app l i ca t i ons  o f  those systems s t u d i e d  dur ing 
Phase e ,  none o f  t he  areas o f  study f o r  t h i s  phase would be approved f o r  
Phase C. Fur ther ,  there are no new systems o r  techniques f o r  which ground 
equipment change s p e c i f i c a t i o n s  are desi red. I t  was the re fo re  proposed 
t h a t  the scope o f  Phase C be changed and a rev i sed  s e t  o f  ob jec t i ves  and 
work p l a n  be presented i n  the f o l l o w i n g  paragraphs. 

The r e v i s e d  o b j e c t i v e  f o r  Phase C y  as requested by the  Contract  Technical 
Supervisor,  i s  the performance o f  an e r r o r  analys is  o f  t he  f o u r  Saturn V 
stage c o n t r a c t o r  te lemetry  checkout s t a t i o n s .  Only t h a t  p o r t i o n  o f  the 
checkout s t a t i o n  r e q u i r e d  t o  check o u t  PCM, PAM and FM/FM w i l l  be studied. 
To perform a l l  the tasks associated w i t h  t h i s  analys is  would exceed the  
funding o r i g i n a l l y  a l l o c a t e d  t o  Phase C. Therefore, the d e s c r i p t i o n  o f  
the tasks w i l l  be d i v i d e d  i n t o ;  t he  work t h a t  can be done w i t h  the  author ized 
manpower, the work t h a t  i s  d i r e c t l y  r e l a t e d  t o  the new o b j e c t i v e  b u t  r e q u i r i n g  
a d d i t i o n a l  funds, and a suggestion f o r  an expanded equipment accuracy 
eva lua t i on  outs ide the scope o f  t h i s  contract .  

3.2.1 Saturn V Telemetry Checkout S t a t i o n  Equipment Review and Accuracy 
Analys i s 

The tasks descr ibed here can be accomplished w i t h  the  manpower p resen t l y  
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3.2.1 (Con ti nued) 

a l l o c a t e d  t o  Phase C. 
numbers 2 through 6. 

The schedule i s  shown on F igu re  3-1, task  

The Saturn  V t e lemet ry  checkout s t a t i o n  equipment review, task  2 o f  
f i g u r e  3-1, cons i s t s  o f  a review o f  documentation d e s c r i b i n g  the  s t a t i o n  
equipment o f  each o f  t he  f o u r  con t rac to rs  as used a t  each o f  t he  con- 
t r a c t o r  checkout l o c a t i o n s  as shown below t o  determine t h a t  t h e  i n d i v i d u a l  
con t rac to rs  employ t h e  same o r  e q u i v a l e n t  equipment a t  each l o c a t i o n .  
The documentation w i l l  be p rov ided  by MSFC-R-QUAL-PIT and c o n s i s t  o f  b l o c k  
diagrams o f  each s t a t i o n  and i d e n t i f i c a t i o n  of each i t e m  o f  equipment as 
t o  commercial model number, o r  i n  the  case o f  an in-house design, complete 
s p e c i f i c a t i o n s .  Due t o  t h e  l i m i t e d  funds remaining, t r i p s  t o  each con- 
t r a c t o r  o r  checkout l o c a t i o n  w i l l  n o t  be poss ib le .  Should t h i s  be 
determined t o  be necessary f o r  t he  success fu l  performance o f  t h i s  task ,  
a d d i t i o n a l  t r a v e l  funds w i  11 be requ i  red. 

The l o c a t i o n s  o f  t he  var ious  te lemet ry  checkout s t a t i o n s  where c o n t r a c t o r  
respons ib le  equipment i s  used i s  as f o l l o w s :  

TEST AND CHECKOUT LEVEL 

P 0 S T -MANU FACT U R I N G STATIC TEST POST -STAT I C 

H u n t s v i l l e ,  A la .  

Hunt ing ton  Beach , Sacramento, Sacramento, Cal . 
Cal i f o r n i  a C a l i  f o r n i  a 

Seal Beach, Gal. M i s s i s s i p p i  M i s s i s s i p p i  Tes t  
Tes t  F a c i l i t y  F a c i l i t y  

M i  choud M i s s i s s i p p i  Michoud 
Tes t  Faci  1 i t y  

A f t e r  i t  has been determined whether o r  n o t  each c o n t r a c t o r  uses e s s e n t i a l l y  
t h e  same equinment a t  each l o c a t i o n ,  an accracy ana lys i s  w i l l  be performed 
on one ( 1 )  s t a t i o n  o f  each of the  f o u r  con t rac to rs .  S i g n i f i c a n t  d i f f e r e n c e s  
between s t a t i o n s  o f  i nd i  v i  dual con t rac to rs  w i  11 be a l s o  analyzed. 
t h e o r e t i c a l  accuracy w i l l  be determined by assuming a normal equipment 
e r r o r  d i s t r i b u t i o n  and w i l l  i n c l u d e  the  e f f e c t  o f  o t h e r  c o n t r i b u t e d  e r r o r s  
such as no ise  and human e r r o r .  
e r r o r  d i s t r i b u t i o n s  f o r  each f u n c t i o n a l  b lock  o f  t he  b l o c k  diagram w i l l  be 
determined and then each s i g n a l  pa th  w i l l  be analyzed. 
e r r o r s  can be c o n t r i b u t e d  by the  opera tor ,  t h i s  area w i l l  be p o s i t i v e l y  
i d e n t i f i e d ,  and where poss ib le ,  an assessment of t h i s  e r r o r  on the  o v e r a l l  
accuracy w i l l  be made. inadequate 
( n o t  i n c o r r e c t )  p rocedura l  i n s t r u c t i o n s  , c o n t r o l s  w i t h  i n s u f f i c i e n t  r e s o l u t i o n ,  
readouts o r  adjustments w i t h  ambiguous meanings, measurements dependent on 

Th is  

To a r r i v e  a t  t h e  o v e r a l l  system accuracy, 

Wherever s i g n i f i c a n t  

These o p e r a t o r  e r r o r s  c o u l d  be due to :  
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Con t rac to r  E f f o r t  

1. Submit Phase 13 Report  

2. Saturn  V Telemetry S t a t i o n  
Comonal i ty  Review 

3. S t a t i s t i c a l  Accuracy 
Ana l y s  i s 

4. Review Ground S t a t i o n  

5. Cu r ren t  Ground S t a t i o n  

Ver i  fi c a t i o n  H is  t o r y  

V e r i f i c a t i o n  Program 

6. Def ine  V e r i f i c a t i o n  Methods 

7. S i n g l e  S t a t i o n  Eva lua t i on  

8. Four S t a t i o n  Eva lua t i on  

9. Submit Monthly Progress 
Report  

0. Submit Phase C Report  

1. Submit F i n a l  Report  

GFD Support 

1. Checkout S t a t i o n  Data 

2. V e r i f i c a t i o n  Methods 

3. Stage Con t rac to r  Support 
(I tems 7 & 8 o n l y )  

AP R 

I 

I 

I 

'I 

1 

MAY 

I 

= 

'I 

, 

7 

1968 

JUNE 

- 
- 
I 

I 

'I 

JULY 

FIGURE 3-1 PHASE C PLAN AND ALTERNATES 
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3.2.1 (Continued) 

operator evaluation o r  patience, e tc .  
e r ro r  analysis is calculated will  include a l l  signal p a t h s  from the receiver 
through the demodulators and decommutators b u t  w i  11 n o t  incl ude peri pheral 
equipment used fo r  evaluating o r  displaying the processed data. 

The overall system on which the 

For each d a t a  link (PCM, PAM and FM/FM) of each selected ground s t a t i o n  
the operating condi t i  ons , assumptions and 1 imi t a t i  ons of both the 
equipment and operator wil l  be established. 

The past and present methods of ground s t a t ion  ver i f icat ion will  be studied 
t o  determine the methods t h a t  were employed to  cer t i fy  i t  and w h a t  method 
i s  currently being employed t o  verify the s ta t ion  accuracy prior t o  use. 
Documentation from the S-11, S-IVB and IU stage contractors will  be supplied 
by R-QUAL. 

A method of verifying the calculated e r ro r  of the three data links 
ground s ta t ion  will  be defined. This definit ion will  be in  the form of a 
general t e s t  procedure l i s t i n q  the t e s t  equipment required and the basic 
method o f  accomplishinq i t .  

of each 

A verif icat ion of the calculated e r ro r  analysis on one ground s t a t ion  i s  
desired. This task,  Figure 3-1 item 7 ,  def ini te ly  cannot be performed with 
the present funding of t h i s  contract. This i s  due t o  the lack of a firm 
commitment as t o  which s ta t ion  would be used and the amount of cooperation 
provided by t h a t  contractor. I f  no travel costs and no s ta t ion  operating 
costs were incurred by The Boeing Company, i t  would be possible to  perform 
th is  ver i f icat ion with a modest increase in labor, computer charges and 
contract extension. 

The task documentation will  include monthly progress reports and a phase 
report. A1 1 drawings , schedules , di agrams , procedures , speci f i  cations , e tc .  
requi red t o  perform the task will be included in e i the r  the monthly progress 
reports or the phase report as applicable. Monthly progress reports will  
be submitted as indicated on Figure 3-1. 
the resul ts  of the theoretical  e r ro r  study, the review of s t a t ion  ver i f icat ion 
history and procedures and a method of verifying s ta t ion  e r r o r  will  be 
delivered prior t o  the end of the period of performance. 

The Phase C report containing 

A f inal  report containing a summary of each of the contract phases will  
also be provided. 

Since the objective f o r  t h i s  phase was previously discussed with the Contract 
Technical Supervisor and due t o  the ambitious schedule established, work will 
begin immediately a f t e r  submittal of this report rather than pending approval 
of the report  recommendations by MSFC. 

3.2.2 Telemetry Checkout Station Eva1 uati on 

The performance of t h i s  task,  which i s  presented as e i the r  a s ingle  s ta t ion  
evaluation or a four s t a t ion  (one per contractor) evaluation on f iaure  3-1 , 
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3.2.2 (Continued) 

tasks 7 and 8, would require more s igni f icant  additional funding; b u t ,  i s  
direct ly  related t o  the objective of the phase. 

The work t o  be accomplished on each s ta t ion  would be t o  verify the 
s t a t i s t i c a l  accuracy analysis t h r o u g h  actual s ta t ion  operation. This 
would i ncl ude observati on of the cal i brat i  on and maintenance operati ons 
as well as the processing of data through a l l  the signal paths;  and the 
analysis of these data f o r  related s t a t i  s t i  cal properties . 
If e i t h e r  o f  the performance ver i f icat ion tasks are desired,  the contract 
funding must be renegotiated t o  take i n t o  account the additional costs 
due t o  operating the s t a t ions ,  technician time, travel costs and  computer 
time t o  analyze the data. I f  the s ta t ion  i s  t h a t  of a S a t u r n  V contractor 
other t h a n  The Boei ng Company , addi t i  onal negoti a t i  on w i  t h  the supporti ng 
contractor wi 11 be requi red to  secure the cooperation of t ha t  contractor. 

3.2.3 Expanded Equipment Accuracy Evaluation 

A task outside the scope of  t h i s  contract i s  mentioned here primarily fo r  
information only. Althouah, i t  i s  consistent with the new objective of 
Phase C.  This task would en ta i l  the evaluation of a l l  Sa turn  V teleinetry 
checkout s ta t ions  a t  a l l  locations,  from factory,  throuqh s t a t i c  f i r i ng  
and prelaunch checkout t o  determine the level of uniformity in t e s t  
capabili ty as each stage proqresses t h r o u g h  the checkout sequence. The 
task i s  o u t  of the scope o f  th i s  contract since: 
contractor support, a large increase in manpower, addition of a ra ther  
larue computer budget, and a s ign i f icant  increase in travel funds would 
be required. 

very s igni f icant  stage 

As S a t u r n  V Systems Integrator,  The Boeing Company performs pref l ight  
and postf l ight  evaluations of a l l  S a t u r n  V telemetry links (Task 4.2.7 o f  
the Sys tems Enqineeri n a  and Integration Support Contract) fo r  the purpose 
of evaluating on board telemetry system performance only. D u r i n g  the 
performance of t h i s  evaluation f o r  the f i r s t  three launch vehicles i t  
became evident t h a t  there was a s ign i f icant  difference in the qual i ty  o f  
the data acquired by the various checkout s ta t ions .  As the individual 
staqes progressed t h r o u g h  the various checkout stages from post-manufacturinq, 
t h r o u g h  s t a t i c  f i r i n g  and pos t - s ta t ic  f i r i ng  t e s t s  to  the various MILA 
checkout phases the qual i t y  increased. This 1 ow qual i t y  a t  pos t-manufac- 
turing and s t a t i c  t e s t  could be due t o  such factors as: 
procedures, differences i n  the checkout s t a t i  ons , defective o r  improperly 
calibrated vehicle hardware, or  the f a c t  tha t  the stage i s  not completely 
fabricated when the checkout begins. 
evaluation could determine the expected level of uniformity o f  d a t a .  

inadequate 

A complete s ta t ion  by s ta t ion  

If  a task of t h i s  nature i s  desired a formal request fo r  proposal should be 
i ni ti ated. 
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APPENDIX A 

UNIFIED S-BAND SYSTEM MANUFACTURERS DATA SHEETS 

This Appendix contains d a t a  sheets describing the Apollo Command and 
Service Module Unified S-Band Equipment and associated hardware of the 
PCM telemetry down-link and data sheets on the S a t u r n  Command and Com- 
munications transponder. 
i ncl udi ng.  

The inclusion of these spec i f ic  manufacturers names and d a t a  sheets does 
n o t  const i tute  an encorsement of any k i n d ,  b u t  ra ther ,  are  included here 
for  completeness and convenience. 

Data sheets from Collins Radio and Motorola are 

The data sheets include descriptions of: 

Communication and Data Subsystem 
Apollo PCM Telemetry 
Apol 1 o P re-Modul a t  i on Processor 
Apollo Unified S-Band Equipment 
Apol lo  S-Band Power Amp1 i f i e r  
Sa turn  CCS Transponder 
Lunar Module Unified S-Band Trans- 

Apollo Unified S-Band Transponder 
ponder 

Col 1 ins 
Coll ins 
Coll ins 
Coll ins 
Coll ins 
Motorola 
Motorola 

Motorola 

Page A-2  
Page A-5 
Page A-9 
Page A-15 
Page A-18 
Page A-21 
Page A-23 

Page A-25 
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COLLINS COMMUNICATIONS AND DATA SUBSYSTEM 
APOLLO (BLOCK II) 

The essential link between spacecraft and earth during 
NASA's Apollo moon expedition is accomplished by one of 
the most intricate subsystems aboard the Command Module 
- the Communications and Data Subsystem. 

Through this subsystem pass voice communication, 
tracking and ranging information, telemetry, television and 
recovery beacon signals. It is operative throughout all mis- 
sion phases. 

Development of the subsystem challenged existing tech- 
nology because of mission complexity; multiple system in- 
terrelationships; size, weight and power constraints; and the 
requirement for utmost reliability. 

Spacecraft tasks performed by the Communications and 
Data Subsystem include: 

1. Transmission of voice, telemetry and television data 
from the Command Module to  the Manned Space Flight 
Network on  earth. 

2.  Reception and demodulation of voice transmission 
from earth. 

3. Reception and retransmission of a coded signal from 
earth, enabling earth stations to derive spacecraft range and 
velocity. 

4. Reception and response to C-band radar signals for  
tracking during the first earth orbital missions of the pro- 
gram. 

5. Data processing to time multiplex, encode and as- 
semble data for transmission to earth. 

6. Intercommunication between astronauts. 
7. Two-way voice communication between the Com- 

mand and Service Modules and the Lunar Module (LM) or 
Extra Vehicular Astronaut (EVA) .  

8. Relay of voice and data from the L M  or EVA to 
earth. 

9. Reception, demodulation, decoding and routing of 
Manned Space Flight Network digital data for  control and 
updating of spacecraft systems. 

Under contract to North American Aviation, Collins 
is systems manager for the Communications and Data Sub- 
system, directing the efforts of five subcontractors. I n  addi- 
tion to program management and systems planning, engi- 
neering and test, Collins is also designing and manufactur- 
ing many of the equipment units. 

The current Apollo configuration is designated Block 11. 
The earlier configuration, Block I, was produced for  the 
early earth orbital missions. Block I1 replaces it in later 
missions leading to the lunar flights. 

Basically there are two major differences between the 
two configurations. The C-Band Transponder is deleted in 
the Block I1 subsystem because of the NASA decision to 
expand the Unified S-Band ground network to provide S-  
band tracking and communication for near earth as well as  
deep space phases. An F M  Telemetry Transmitter is also 
eliminated, since this function is now performed by the 
S-band network. 

Secondly, the hardware philosophy has been updated to 
add redundancy, operational flexibility and reliability and 
to reduce weight. This has been accomplished by discarding 
the inflight module replacement concepts of Block I ,  which 
required numerous internal connectors and additional sup- 
port and cooling complexity. 

@Collins Radio Company 1966 
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The subsystem units, which are installed in the Com- 

mand Module's lower ecluiument bav beneath the astro- 
nauts' instrument panel, include: 

I .  Aiidio Center - Provides each astronaut with a 
communication link with other crew members. Includes se- 
lection, isolation and amplification of audio for all trans- 
mitters and receivers. 

7. VHF/AM Transmitter-Receiver - Dual transmit- 
ters and receivers enable simplex or duplex operation. The 
units provide voice communication between Command 
Module and earth during near-earth and recovery phases. 
A150 used for Command Module communication with LM 
and EVA. Data from LM and EVA may also be received 
over these channels. 

3 .  HF Trantceiiw - Employed for direction finding 
and voice communication over long ranges during the post 
landing phase. Operates on single sideband, compatible AM 
or CW. 

4. VHF Recovery Beacon - Transmits a V H F  direc- 
tion finding signal to aid recovery forces in locating the 
Command Module after splash-down. 

5 .  VHF Triplexer - Allows up to three V H F  Trans- 
mitter-Receivers to share a single antenna on the Command 
Module. 

6.  PCM Telemetry - Receives and samples bio-medi- 

cal, operational and scientific data - both analog and digi- 
tal - and converts it to a single serial pulse code modu- 
lated output. 

7 .  Rata Storage Equipment - Data and voice informa- 
tion which cannot be transmitted in real time may be 
stored in this 14 track (including 4 spares) tape unit for  
later transmittal. This equipment is especially useful when 
the spacecraft is behind the moon or when communication 
to earth is otherwise temporarily interrupted. 

8 .  Pre-Modulation Processor - Serves as the central in- 
terface between the radio equipment and the audio, data 
and T V  equipment. It selects and multiplexes information 
for modulation of transmitting equipment. In reception it 
demodulates and separates the incoming composite signal, 
and routes the information to the proper equipment. 

9. Unified S-Band Equipment - Combines voice and 
data communication, tracking, ranging and telemetry on a 
unified R F  system. Includes two phase locked transponders 
and one F M  transmitter. The Unified S-Band Equipment is 
employed in duplex operation throughout the flight phases, 
providing the sole communications link after the spacecraft 
leaves the vicinity of the earth. 

10. S-Band Power Aniplifier - Amplifies the signal 
from the Unified S-Band Equipment to provide the neces- 
sary communication power during translunar coast and 
lunar operations. Two selectable power output levels are 
available from two selectable power amplifiers. 
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Pulse Code Modulation Telemetry Equipment 
APOLLO (BLOCK I I )  

51.2 kilobits per second serial NRZ output is provided, de- 
rived from parallel analog, parallel digital and serial digital 
inputs. 
Reduced format of 1600 bits per second may be selected 
to  conserve transmission bandwidth. 
High reliability is obtained by block and quad redundancy, 
fail -safe  and majority logic circuit design. 

The Apollo Block I 1  Pulse Code Modulation ( P C M )  Te- 
lemetry Equipment receives and samples analog and digital 
spacecraft data, converting it to a single serial PCM out- 
put. I t  provides two fixed programs for  sampling rate and 
wquence which supplies a non-return-to-zero ( N R Z )  PCM 
output of either 51,200 or  1600 bits per second. 

The system is switched externally to  "NORMAL" or  
"REDUCED" format. Data output in the NORMAL mode 
is 51.2 kbps in the form of 6400 8-bit words per second. 
Input data consists of 365 high level (0-5 v )  analog inputs, 
304 parallel digital inputs and one 40-bit serial digital in- 
put word. A 32-bit sync/ID word and an 8-bit format 
identification word is generated inside the PCM Telemetry 
Equipment. 

The data output in the REDUCED mode is 1.600 kbps 
in the form of 200 8-bit words per second. Input data for  
this operating mode consists of 100 high level (0-5 v )  
analog inputs, 288 parallel digital inputs, and one 40-bit 
serial digital input word. Internally generated words are of 
the same type as those generated for  the NORMAL oper- 
ating mode. These inputs are sampled at  various rates from 
0 to 200 samples per second. 

The system is designed as a high level system; however, 
i t  will synchronize and accept data from an external low 
level (0-40 mv) subsystem. The necessary timing signals 
required to  operate the low level amplifier and multiplexer 
circuitry are generated in the high level telemetry unit. 
Fifty I sps low level channels are multiplexed in the ex- 
ternal unit and fed to the high level unit as a 50 pps high 
level pulse amplitude modulation ( P A M )  input. 

Equipment Description 
The programmer contains the basic timing and control cir- 
cuits for controlling the sequence of analog signal multi- 

plexing, coding digital data multiplexing, controlling ex- 
ternal data sources (serial digital data) ,  and transferring 
data from the PCM system. 

The basic subsections of the programmer are the os- 
cillator, counters (period, bit, word and frame),  and prime 
and sub-prime matrices. Normally, an external 5 I2  kc in- 
put signal is used as the system clock. If this signal is ab- 
sent, detection circuitry in the PCM switches the timing 
source to an internal clock (this is returned t o  the external 
timing upon return of the external 512 kc clock). 

When the PCM is using the external clock, a 1 pps ex- 
ternal signal is used to synchronize the programmer count- 
ers. The  1 pps signal is inhibited when using the internal 
clock. Counters and matrices within the programmer per- 
mit the forming of various time interval combinations re- 
quired to provide the specific format and program sequenc- 
ing commands required by the PCM and external equip- 
ment. 

Format change from NORMAL to REDUCED mode is 
accomplished in the programmer by the activation of a 
switch to ground external to the PCM system. N o  data is 
lost during the transition between formats. 

The analog multiplexer is used to sequentially sample a 
number of transducers into a fixed format. Each input is a 
single-ended 0-5 v signal. A typical gate consists of five 
channel gates fed to a sequencer gate. The sequencer gate 
is used for further multiplexing, for reduction of capaci- 
tance, and to prevent the failure of one channel gate f rom 
degrading more than five channels. 

The  outputs of the sequencer gates are further multi- 
plexed into three quad-redundant high speed gates. The  use 
of the high speed gates also reduces wiring capacitance and 
simplifies the timing requirements. 

The  outputs of the high speed gates are routed to the 
sample and hold circuitry. To achieve a high input im- 
pedance to the transducers and to  minimize the droop o n  
the charging capacitor, unity gain buffer amplifiers pre- 
ceed and follow the sample and hold capacitor. 

The  output of the sample and hold circuitry is then fed 
to a half-split type analog-to-digital converter. The analog- 
to-digital conversion is accomplished by eight successive 

@Collins Radto Company 1966 
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comparisons providing an 8-bit output to the digital multi- tions of quad redundancy, block redundancy, majority 
plexer. With a zero volt input the converter generates the logic and fail-safe logic were used in the PCM design. 
binary equivalent of the decimal one (OOOOOOOl). The Parts and material have been selected and tested to  en- 
code is increased by a binary equivalent of a decimal one sure the highest practical equipment reliability. Circuit per- 
for each 19.7 millivolts of input voltage up to 4.98 volts, formance has been assured by extensive electrical and en- 
which produces a binary equivalent of decimal 254 vironmental testing and by the use of analysis techniques 
( 1 1 I 1  1 1 I O ) .  All input levels below zero volt will produce 
a binary code of 00000001, and all input levels above 
4.98 volts will produce a binary code of 1 1  1 1  1 1  IO .  

The function of the digital multiplexer is to sample 
each parallel digital channel in the sequence determined 
by the programmer. The sampled 8-bit parallel digital word 
is read into the output register each time its digital multi- 
plexer gate is enabled. 

The eight parallel bit words, from the digital multi- 
plexers, and serial data binary inputs, from an external 
source, are received by the output shift register. The output 
register converts the serial and parallel data into an NRZ 
and RZ form synchronous with the system bit rate. NRZ 
data is used for the spacecraft output and RZ is used for 
checkout of the telemetry system by ground support equip- 
ment (GSE)  . 

Data transfer buffers are provided to supply redundant 
and nonredundant system outputs having specified charac- 
teristics. These signals consist of serial data control pulses, 
GSE data and timing signals, and spacecraft data and tim- 
ing signals. All GSE drivers are transformer isolated and 
are powered by an external dc source to reduce power con- 
sumption during flight. 

A calibrator is included in the PCM telemetry equip- 
ment. This calibrator provides precision voltages (-t_0.2% ) 
which may be routed to other spacecraft equipment or re- 
inserted into the PCM system for checking the coding of 
the PCM analog channels. 

Reliability and Quality Assurance 
The probability of the PCM Telemetry Equipment per- 
forming successfully for 200 hours of operation is required 
to be R=0.9997. The numerical reliability shall be met 
with a loss of no more than five analog channels and eight 
digital bits. T o  achieve this reliability, various combina- 
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such as failure effect evaluation, parameter variation analy- 
sis, and stress analysis. 

Equipment is qualification tested for  manned space 
flight. 

The Communications and Data Subsystem for  the 
Apollo Spacecraft was designed and developed by the Col- 
lins Radio Company under contract f o r  North American 
A viation, Space and Information Systems Division. A s  Sub- 
system Manager, Collins Radio established all equipment 
specifications for  both Collins developed and subcontracted 
equipmetits, coordinated all technical, reliability, quality, 
documentation and fiscal requirements to ensure a com- 
plete, well integrated system. The PCM Telemetry Equip- 
ment was designed, developed and manufactured under 
Collins direction by Radiation, Inc., Melbourne, Florida. 

Specifications 
Electrical Specification? 
POWER: 
Input voltage - 115/200 v, 3 phase, 400 cps; 1 1  v dc source 
for GSE drivers. Input power - 2 1 watts maximum for 11 5 V; 

2.2 watts peak for dc source. 
INPUT SIGNALS: 
Analog data channels - 365 (0-5 v ) .  Digital parallel data - 
304 (bits). Digital serial data - dne 40-bit word. Timing sig- 
nals - 512 kc clock, 1 pps synchronization pulse. 

Digital Serial Data Control Pulses 

_____ 

SPACECRAFT OUTPUTS: 

Bit Sync - 51.2 kbps in NORMAL, 1.6 kbps in REDUCED. 
Start Pulse - 50 pps in NORMAL, 10 pps in REDUCED. 
Stop Pulse - 50 pps in NORMAL, 10 pps in REDUCED. 

2 non-return-to-zero (NRZ-C). 

51,200 pps in NORMAL, 1,600 pps in REDUCED; in phase 
with NRZ outputs. 

Subcarrier Reference 
512,000 pps. 

Serial Data 

Data Rate Timing 

Data Rate Indicator 
Positive voltage indicates NORMAL format. Zero voltage 
indicates REDUCED format. 

GROUND EQUIPMENT CHECKOUT OUTPUTS: 
Serial Data - Return-to-Zero (RZ). Data Rate Timing - 
51,200 pps in NORMAL, 1,600 pps in REDUCED in phase 
with RZ output. Subcarrier Reference - 512,000 pps. Sub- 
frame Rate Timing - 1 pps. Test Points - all test points are 
made accessible. 
PROGRAMMING: 
Format - fixed format for NORMAL (51.2 kbps) and RE- 
DUCED (1.6 kbps). Format Selection - controlled by an ex- 
ternal switch (not a part of PCM). Synchronization Code - 
32 bits (last 6 bits are frame identification). Format Identifica- 
tion - special 8-bit word inserted once per second. 

Environmental Specifications 
VIBRATION: 
Non-destructive (not required to meet above specifications) - 
10-70 cps, linear increase from 0.008 g2/cps to 0.06 gz/cps; 
70-2000 cps, 0.06 g'/cps. Operating - 10-70 cps, linear in- 
crease from 0.002 gz/cps to 0.015 g2/cps; 70-2000 cps, 0.015 
gz/cps. 
VACUUM: 
1 x 10-4 mm Hg for 100 hour period. 
TEMPERATURE: 
0" F (base temperature 35" F ) ;  150" F (base temperature 
118" F ) ;  140" F with no base coolant for a period of 15 min- 
utes, capable of withstanding non-operating exposure from 
-45" F to +lSOa F. 
ACCELERATION : 
20 g acceleration for 5 minutes in each of three axes. 

Mechanical Soecifications 
SIZE : 
13.3" W, 7.0" H, 14.2" D (33.78 cm W, 17.78 cm H, 36.07 cm 
D).  
WEIGHT: 
44 Ibs. (19.9 kg). 

Specifications subiect to change without notice 
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- 
A TIMING LINES - 
B DATA PATHS zzz 
C TYPE OF REDUNDANCY CODE 

1 BLOCK REDUNDANCY A 
2 MAJORITY LOGIC 0 
3 QUADED COMPONENTS 0 
4 FAIL-SAFE 0 

CALI BRATION 
VOLTAGES (4) 

2 6 4  DIGITAL I N P U l  

MANUAL SET A 
MANUAL SET B 
TEST POINTS 

MANUAL SET A 
MANUAL SET E 

CONDiTlONER 

DATA RATE TIMING NO 
SUECARRIER REF NO 2 SUECARRIER REF NO. 1 

SERIAL START SERIAL CODE 

SERIAL STOP 

Pulse Code Modulntiorz Telemetry Equipment Block Diugrnnz 

.TS 
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Pre-Modulation Processor 
APOLLO (BLOCK Ill 

Modular construction permits broad modification of mission 
and communication capabilities without extensive system 
changes. 
High reliability is obtained by solid state design, generous 
component derating, and use of redundant, simplified cir- 
cuitry. 
Emergency communication capability is provided by switch- 
ing signal processing circuits for voice and/or by keying 
the 512 kc clock input. 
Low power consumption results from energizing only t h e  
circuits required for t h e  selected transmission mode and 
by use of solid state active circuitry. 

The Apollo Pre-Modulation Processor (PM P )  provides the 
signal processing and interfaces between the voice, data 
and recording equipment and the R F  transmitting and re- 
ceiving equipment. 

Because it combines in a single package several func- 
tions usually common to several spacecraft equipment units, 
the Pre-Modulation Processor permits broad modification 
of mission data transmission and communication capabili- 
ties without extensive modification of the interface equip- 
ment. Its modular construction enhances this capability 
by permitting substitution of new modules for functions 
which may be required. 

Equipment Description 
The PMP performs the following functions: 
1. NOKMAL OPERATING MODES (DOWN LINK 

The following signal processing is performed prior to  P M  
transmission via the Unified S-Band Equipment (USBE) : 

Provides pre-emphasis, clipping, filtering and mode switch- 
ing of real time Command Module ( C M )  voice which fre- 
quency modulates a 1250 kc subcarrier. Filtering and as- 
sociated switching is performed to  band limit the signal 
when time sharing with the Extra Vehicular Astronaut 
( E V A )  signal to prevent interference with the EVA bio- 
medical data. 

Provides automatic gain control ( A G C ) ,  over it wide dy- 

- PM) 

( a )  CM Voice Signul Procexting 

( b )  LM/EVA Signul Proce.wing 

namic range, of voice signals received from the Lunar 
Module ( L M )  o r  voice and bio-medical signals from the 
EVA. 

(c )  Down Voice Reluy mid Conference Cupuhility 
Provides for voice relay and conference capability by 
linearly mixing (time sharing) real time C M  voice, LM 
voice or EVA voice and bio-medical data for  frequency 
modulation of a 1250 kc subcarrier. Mode switching is pro- 
vided to allow for transmission of real time LM/EVA sig- 
nals only in the RELAY mode and to  provide for filtering 
the C M  voice signal in the RELAY/EVA mode to prevent 
interference with the EVA bio-medical data. 

Provides biphase modulation of a 1024 kc subcarrier by 
real time, high or low rate, CM Pulse Code Modulation 
( P C M )  data. 

( e )  Voice arid CM PCM 7elernerry Multiplexing 
Provides mode switching and frequency multiplexing of the 
PCM telemetry signal (1024 kc subcarrier) and the voice/ 
bio-medical signal ( 1250 kc subcarrier) for PM transmis- 
sion via the USBE. 

FM) 

( d )  C M  PCM Telemetry ( R e d  7iine - Norind)  

2. NORMAL OPERATING MODES (DOWN LINK - 

The following signal processing is performed prior to  base- 
band F M  transmission via the USBE. All data or  voice sig- 
nals transmitted via FM are recorded signals played back 
from the Data Storage Equipment ( D S E ) ,  except for scien- 
tific data which can be transmitted in real time. 

( a )  INTERCOM/LM Voice to DSE 
Provides for linear mixing (time share) of real time IN- 
TERCOM and LM voice signals to be recorded. Wide 
range A G C  of the LM voice signal controls the level. Mode 
switching permits only the mixing of LM, but not EVA, 
voice signals with INTERCOM voice for recording. 

Provides limiting circuitry to process LM PCM data ( 1.6 
kbps) to  be recorded. 

Provides switching of real time analog scientific data sig- 
nals to  be recorded or  to  frequency modulate a subcarrier 
oscillator (SCO) in real time. Three such channels are pro- 
vided. The three subcarriers, which are generated in the 

(b)  LM PCM Cliunnel to DSE 

( c )  Anulog Telemetry to DSE (Switching) 

@Zollins Radio Company 1966 
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PMP equipment, are 95 kc, 125 kc and 165 kc. 

Provides PCM telemetry by biphase modulation of a second 
1024 kc subcarrier with recorded C M  PCM data. The  PCM 
data is either high bit rate ( 5  1.2 kbps) at a playback/record 
ratio of one or low bit rate recorded at  1.6 kbps and a 
playback/record ratio of 32. 

Provides mode switching and frequency multiplexing of re- 
corded signals for baseband FM transmission via the USBE 
for each of the following combinations: 

Recorded INTERCOM/LM voice ( 3 2 :  1 playback) ; three 
channels of analog telemetry with recorded scientific data 
frequency modulated on subcarriers of 95 kc, 125 kc and 
165 kc; and recorded C M  PCM telemetry (51 .2  kbps) on 
a 1024 kc subscriber. 

Recorded LM PCM data only. The LM PCM data is re- 
corded at 1.6 kbps and transmitted baseband FM via the 
USBE at a playback to  record ratio of 32. 

Three channel analog telemetry with real time scientific 
data frequency niodulated on subcarriers of 95 kc, 125 kc 
and 165 kc. 

Provides a hard-wire channel through the PMP of a video 
signal from a television camera for F M  transmission via 
the USBE. An output is provided, through isolation cir- 
cuitry, to the spacecraft umbilical for pre-launch monitor- 
ing. 

( d  ) C M  PCM Telemetry (Recorded - Auxiliary) 

( e )  FM Channel Multiplexing 

TAPE/PCM ANALOG MODE 

TAPE/LM PCM MODE 

SCIENTIFIC DATA MODE 

( f )  Television Channel 

3. BACK UP MODES (DOWN LINK - P M )  
(a )  C M  Voice Channel 

Provides pre-emphasis, clipping aad mode switching of real 
time C M  voice for baseband P M  transmission via USBE. 
Mode switching is performed such that Normal and Back 
Up CM voice cannot be transmitted simultaneously. Mode 
switching provides for changing the Back Up C M  voice 
level and resulting PM modulation index as a function of 
the C M  PCM data rate. 

Redundant, identical biphase modulators and associated 
( b )  CM PCM Telemetry Channel 

mode switching circuitry provides for modulation of either 
modulator with C M  PCM data ( 1024 k c  subcarrier) for  
PM transmission via the USBE. 

(c )  Emergency Key  and Sidetone 
Provides for  keying the 5 12 kc subcarrier for PM transmis- 
sion via the USBE. The 5 I2 kc signal is derived by ampli- 
fying and filtering the Central Timing Equipment (CTE) 
clock input and providing it as a n  output whenever the 
KEY mode is selected and the Emergency Key is de- 
pressed. A 400 cps sidetone signal is also provided at this 
time as an audible tone to  the astronaut headset. 
4. NORMAL OPERATING MODES ( U P  - LINK) 

( a )  Norniul U p  Voice nnd U p  Data Detection 
Provides separation and detection of a multiplexed up link 
signal consisting of a 3 0  kc subcarrier, frequency modulated 
with voice, and a 70 kc subcarrier, frequency modulated 
with data. 

( b )  U p  Voice Relay 
Provides for relay of detected up voice for re-transmission 
to LM via the VHF/AM Transmitter. When not in the 
RELAY mode (VOICE mode) a microphone input is con- 
ducted through the PMP to the Audio Center equipment. 

Provides for mode switching and back up detection of up  
voice using the 70 kc up data detector. Relay of back up  
voice is provided when the RELAY mode is selected. In  
the VOICE mode the microphone input is again conducted 
through the PMP to the Audio Center equipment. 
6. POWER SUPPLY REGULATOR OPERATION A N D  
SWITCHING 
The P M P  contains two identical, switchable power supply 
regulators which operate from an input of + 2 8  v dc and 
provide an 18 k O . 1 8  v dc output t o  power all active cir- 
cuitry including mode switching, except for the relay re- 
quired to  switch regulators in the AUXILIARY mode. This 
relay operates from the primary +28 v d c  input. All other 
mode switching is performed using the regulated 18 v d c  
output which is conducted to the Communication Control 
Panel, switched through appropriate mode control switches, 
and conducted back to the PMP to operate relays or power 
active mode switching circuitry. 

5. BACK UP OPERATING MODES (UP - LINK) 
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Reliability and Quality Assurance 
High reliability is achieved through use of high reliability 
components which are qualified to rigid Apollo require- 
ments, generous component derating, use of solid state 
proven circuitry, and incorporation of circuit redundancy 
for several functions. High reliability has been demon- 
strated by successful qualification testing to the rigid re- 
quirements of the Apollo program. 

The predicted probability of success ranges from 
R=0.999702 to R=0.999999 for the several functions de- 
scribed for this equipment. These probabilities of success 
relate to the specified mission times which range up to 214 
hours. 

Equipment is qualification tested for manned space 
flight. 

The Communications and Data Subsystem f o r  the 
Apollo Spacecraft was designed and developed by Collins 
Radio Company under contract f o r  North American Avia- 
tion, Space and Information Systems Division. A s  Subsys- 
tem Manager, Collins Radio established all equipment spe- 
cifications for both Collins developed and subcontracted 
equipments and coordinated all technical, reliability, quali- 
ty,  documentation and fiscal requirements to ensure a com- 
plete, well integrated system. The Pre-Modulation Processor 
was designed, developed and manufactured by Collins. 
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Specifications 
Electrical Specifications 

INPUT POWER: 
12.5 watts maximum, from a source of 24-30 v dc. 
CM VOICE CHANNEL: 
Input Impedance - 600 ohms 220% balanced (audio input) 
100 ohms & I O %  (CTE clock input). 
Input Signal - Voice to a maximum level of 5 v p-p. 
Signal Processing - Pre-emphasis, 6 db/octave; clipping, 0 db 
nominal for NORMAL mode and 12 db nominal for BACK UP 
mode at 1 kc and 2.2 v p-p input. 
Minimum Bandwidth - After correction for pre-emphasis EVA 
mode, 300 cps to 2.3 kc (4  db); NOT EVA mode, 300 cps to 
3 kc (4 db) ;  BACK UP mode, 300 cps to 2.3 kc (3 db). 
Deviation Sensitivity - EVA mode, 3.63 kc/v below clipping; 
NOT EVA mode, 6.82 kc/v below clipping; BACK UP mode, 
N/A (baseband PM). 
Distortion - Below clipping, less than 8% for the detected 
audio signal; BACK UP mode, less than 3%. 
S/N Ratio - 26 db minimum at a nominal 2.2 v p-p input. 

Input Impedance - 5,000-10,000 ohms balanced. 

- ._ - - .. __ __ 

LM/EVA CHANNEL: 

Input Signal - Voice/data from 0.1 1 to 9.0 v p-p. 
Signal Processing - AGC to 3 db over a 38 db range. 
Minimum Bandwidth (2  db) - 300 cps to 13 kc. 
Deviation - 8.55 kc, nominal peak deviation. 
Distortion - Less than 6% for the detected signal. 
S/N Ratio - 32 db minimum. 

Input Impedance - 9,400-1 5,000 ohms balanced. 
Input Signal - Voice to a maximum level of 5 v p-p. 
Signal Processing - Isolation; insertion loss, 0-6 db. 
Minimum Bandwidth (2 db) - 300 cps to 2.3 kc. 
Distortion - Less than 6%. 

INTERCOM VOICE CHANNEL (RECORD) : 

INTERCOM/LM VOICE CHANNEL (PLAYBACK) : 
Input Impedance - 10,000 ohms minimum, balanced. 
Input Signal - Voice to a maximum level of 6 v p-p. 
Signal Processing - Peak clipping, 0 db nominal for a 1.5 v 
p-p input. Insertion loss below clipping is 18 db nominal. 
Bandwidth (1 db) - 300 cps to 73.6 kc. 
Distortion (below clipping) - Less than 5 % .  
S/N Ratio - 30 db, minimum at 6 v p-p input. 
CM PCM TELEMETRY CHANNEL (NORMAL AND AUX- 

ILIARY) : 
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Input Impedance - 9,000-50,000 ohms (data input); 10,000 
ohms minimum (clock input). 
Input Signal - PCM NRZ data, 0-6 v, up to 51.2 kbps. 
Signal Processing - Biphase modulation of a 1024 kc sub- 
carrier. 
PChl Cloch Signal - 512 kc square wave at 6.0 v p-p. 
Bandwidth ( 3  db) - 150 kc, nominal, centered about 1024 kc. 
L M  PCRI C H A N N E L  ( R E C O R D ) :  
Input lmpedance - 5,000-10,000 ohms balanced. 
Input Signal - Split bit PCM NRZ data at 1.6 kbps and 0.14 
to 8.77 v p-p. 
Signal Processing - Symmetrical limiting to  an output level of 
4-5 v p-p open circuit. 
Minimum Bandwidth ( 1  db) - 600 cps to 2.8 kc below 1 
limiting. 
S / N  Ratio - 30 db minimum, at limiting threshold. 
L M  P C M  C H A N N E L  ( P L A Y B A C K )  : 
Input Impedance - 10,000 ohms minimum, balanced. 
Input Signal - Split bit PCM NRZ data at 51.2 kbps to  a 
maximum level of 6.3 v p-p. 
Signdl Processing - Isolation; insertion loss, 22.8-24.6 db. 
Bandwidth - Flat to 1 db from 15 kc to 90 kc. 
Di\tortion - Less than 2%. 
S / N  Ratio - 30 db minimurn, at maximum input. 

T I M E )  : 
Input Impedance - 300.000 ohms minimum. 
Input Signal - Analog input from 0 to 5 v. 
Signal Processing - Frequency modulation of a subcarrier a t  
95 hc, 125 hc and 165 kc. 
Subcarrier Frequency Stability - &0.15% of center frequency. 
Linearity - Deviation from best straight line is less than 0.15% 
of center frequency. 
Deviation Sensitivity - 3 %  of center frequency per volt. 
Minimum Bandwidth ( 2  db) - DC to 3 %  of center frequency. 
S/N Ratio and Crosstalk - 30 db, minimum (detected signal) 
for maximum input. 
SCIENTIFIC DATA - THREE CHANNELS (PLAYBACK) : 
Input Impedance - 10,000 ohms minimum, balanced. 
Input Signal - AC to a maximum of 8 v p-p. 
Signal Processing - Frequency modulation of a subcarrier a t  
95 kc, 125 kc and 165 kc. 

SCIENTIFIC DATA CHANNEL - THREE CHANNELS (REAL 

Subcarrier Frequency Stability - &0.45% of center frequency. 
Minimum Bandwidth ( 2  db) - 12.5 cps to 3 %  of center fre- 
quency. 
Deviation Sensitivity - 1.86% of center frequency per volt. 
Distortion - Less than 4.5% at maximum input. 
S/N Ratio and Crosstalk - 30 db minimum (detected signal) 
for 5 v p-p input. 

Insertion Loss - Less than 0.5 db. 
Minimum Bandwidth (0.5 db) - DC to 500 kc. 
TV UMBILICAL CHANNEL: 
Input Impedance - Determined by TV channel load impedance. 
Input Signal - Unipolar to  a level of 1.9 v p-p. 
Signal Processing - Isolation: Insertion loss, 0-5.6 db acres\ 

100 ohm load. 
Minimum Bandwidth ( 3  db) - 10 cps to  500 kc. 
U P  VOICE CHANNEL: 
Input lmpedance - 5,000 ohms minimum, balanced over band 
from 20 kc to 40 kc. 
Input Signal - Multiplexed voice and data subcarriers. 
F M  voice subcarrier at 30 kc from 0.4 to 17 v p-p; 7.5 kc 
maximum deviation. 
Signal Processing - FM detection and mode switching for 
NORMAL, RELAY and BACK UP VOICE. 
Minimum Bandwidth ( 2  db) - 300 cps to 3 kc. 
Limiting - Greater than 10 db at minimum input. 
Distortion - Less than 7% for maximum deviation. 
S/N Ratio - 35 db minimum, for maximum deviation. 
U P  DATA CHANNEL: 
Input Impedance - 5,000 ohms minimum, balanced over band 
from 60 kc to 80 kc. 
Input Signal - Multiplexed voice and data subcarriers. 
FM data subcarrier at 70 kc from 0.4 to 17 v p-p; 5 kc peak 
deviation (7.5 kc for back up voice). 
Signal Processing - FM detection and mode switching for UP  
DATA and BACK UP VOICE. 
Limiting - Greater than 10 db at minimum input. 
Time Delay - Constant to within 20 microseconds. 
Linearity - 2% of full scale from best straight line up to  peak 
deviation of 5 kc. 
Minimum Bandwidth ( 3  db) - 300 cps to 4 kc. 
S/N Ratio - 30 db minimum, for 5 kc peak deviation. 

TV CHANNEL - HARD WIRED THROUGH THE P M P :  

A-1 3 
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MICROPHONE CHANNEL: 
Output directly connected to input through switchable relay 
contacts. 
EMERGENCY KEY CHANNEL: 
Input Impedance (CTE Clock) - 100 ohms 210%. 
Input Signal - 512 kc square wave, unipolar, 3 v p-p. 
Signal Processing - Mode switching and on-off heying of the 
filtered 512 hc subcarrier. Insertion loss, 2.9-3.7 db for keyed 
signal. 
OUTPUT IMPEDANCES: 
PM Channel - 1 10 ohm\ maximum. 
FM Channel - 1 5 0  ohms maximum. 
Bach Up CM Voice Channel - 600 ohm, 2 2 0 %  balanced. 
TV Channel - 100 ohm\ ? 5 % .  
TV Umbilical Channel - 100 ohms I t 5 % .  
Intercom 1.M Voice ( Record) - 600 ohms +-2O'h balanced. 
LM PCM (Record) - 600 ohms %20% balanced. 
Scientific Data (Record) - Equal to \cientific data \otirce im- 
pedance. 
Up Voice Channel - 600 ohms %20%~ balanced. 
Microphone/Up Voice Relay Channel - Relay, 600 ohms 
%20% balanced. Microphone, equal to microphone source im- 
pedance. 
Up Data Channel - 600 ohms ?20% balanced. 
OUTPUT LEVELS: 
PM (Unmodulated subcarriers) - 

VOICE PCM TLM MODE ~ ~- - 
~ .~ 

PCM/HI RATE/VOICE 2.52 v p-p & ~ Y O  
PCM/LO RATE/VOICE 1.46 v p-p &5% 

1.46 v p-p 2 5 %  
2.52 v p-p &5%0 

PCM only 
VOICE only 
BACK UP CM 
VOICE/PCM 2.52 v p-p 2 5 %  

3.40 v p-p 2 5 %  
2.52 v p-p ?5% 

FM (Unmodulated subcarriers) - 

UP VOICE - Normal, 0.8 20.07 v rms into 18.000 ohms. 
Relay, 0.707 v rms %3 db into 600 ohms. Bach up, 0.8 It0.07 v 
rms into 18,000 ohms. 
UP DATA - 0.99 v rms rt 10%. into 600 ohm\. 

Environmental Specifications 
RANDOM VIBRATION: 
10-70 cps - Linear increase in level from 0.0025 g2/cp\ to 
0.0187 g'/cps (linear refers to a straight line plotted on log-log 
paper). 70-2000 cps - Constant at 0.0187 g2/cp\. 
THERMAL: 
Continuous operation with average coldplate temperatuie of 
+ 1 18" F. Equipment \ubjected t o  tran\ient iecntiy \iniul,itioii 
with no coolant flow in coldplate for IS minute\. 
VACUUM: 
100 hours at 1 x IO-' mm Hg. 

SHOCK: 
78 g, 1 1  millisecond pulse (non-operation). 

. ___ __ . 

Mechanical Specifications ~ 

4.69" W, 5.977" H,  10.58" D ( 1  1.91 cm W. 1 5 . 1 X  cni H ,  
26.87 cm D)  maximum. 
WEIGHT: 
11.3 Ibs. (5.12 kg) maximum. 

- -  

ENVELOPE SIZE: 

Specifications subiect to change without notice 

SCIENTIFIC SUBCA RRlEHS (Euch) 
~ _ _ _ _ _ _ _ _ _  

~~ ___ PCM TLM MODE - 
165 Lc ___ __-. ~ - 95 kc 125 kc 

~. _ _ _ ~ .  ~ .. .. 

TAPE/PCM ALG 1.2 v p-p * 5 %  0.15 v p-p 2 8 %  0.22 v p-p *8% 0.34 v p-p 2 8 %  
SCIENTIFIC None 0.15 v p-p - t8% 0.22 v p-p 2 8 %  0.34 v p-p It8Yo 
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APOLLO (BLOCK II) 

Unified S-band system combines voice and data communi- 
cation, tracking, ranging and telemetry on a single radio 
frequency in t h e  S-band range. 
Dual transponders, either one of which can operate simul- 
taneously with a frequency modulated transmitter, offer 
operational flexibility and redundancy. 
Compact construction enables packaging of both trans- 
ponders and t h e  frequency modulated transmitter in a 
single, gasket-sealed, machined-aluminum case, with her- 
metically sealed connectors. 
Phase locked transponders generate their transmission fre- 
quency coherently with t h e  received signal, or, when the  
phase lock loop is  not closed, utilize an auxiliary oscillator. 

The Unified S-Band Equipment is utilized for a primary 
communications link in space communications systems. This 
highly versatile unit provides a completely redundant trans- 
ponder and simultaneous FM transmitter capabilities in the 
S-band frequency range. 

When this unit is used in conjunction with Collins’ Pre- 
Modulation Processor (which performs the functions of 
subcarrier generation, modulation, mixing and detection), 
it is capable of simultaneously performing many communi- 
cation functions which ordinarily would require separate 
receivers and transmitters. 

The transponder receives and coherently detects a phase 
modulated carrier and transmits a phase modulated carrier 
coherently related to the received carrier. When no receive 
frequency is present, the transponder transmits a phase 
modulated carrier generated from an auxiliary oscillator. 

Coherent detection and turnaround circuitry allows re- 
ception and retransmission of ranging signals in the PM 
modes. With proper design of the modulation, subcarrier 
channels may be received and transmitted simultaneously 
with the ranging channels. These subcarriers in turn may 
be modulated with voice or both digital and analog data. 
The down-link carrier also has baseband modulation capa- 
bility. 

The FM transmitter provides the capability of frequency 
modulation for transmitting voice or analog and digital in- 

formation via subcarriers or wideband information such as 
television. 

Equipment Description 
The receiver accepts a 2 106.4 mc phase modulatecl \Ignal 
and converts it to a frequency of 9.5 mc at the output of 
the second mixer. 

A narrowband amplifier provides the input to  the re- 
ceiver phase-lock loop which in turn generates the reference 
signal for conversion of the IF spectrum t o  baseband and 
coherent AGC control of the first 1F amplifier. The co- 
herent amplitude detector has an output that is sent to the 
antenna mechanism for  tracking purposes. 

The  output of the second mixer is also fed through cl 

wideband amplifier and limiter and mixed with the refer- 
ence signal in the phase detector. An output from the de- 
tector is provided for extraction of the up-link information, 
including undetected subcarriers i f  present. The ranging 
signal, if present, is sent to the phase modulator for retrans- 
mission. 

The transponder down-link carrier is derived from the co- 
herent voltage controlled oscillator, o r  from the auxiliary 
oscillator. The phase modulator combines the wideband 
(subcarrier), ranging turnaround, and voice modulation in- 
puts and phase modulates the carrier. The  phase modula- 
tor’s output is then connected to the transmitter amplifiers 
and multipliers. 

Both transponders are connected to a power combiner, 
eliminating the necessity of R F  switching between units. 

The  FM transmitter operates simultaneously with the PM 
transponder. The  FM exciter has two modulation inputs - 
either a wideband input (subcarriers and analog or digital 
data) or  a n  offset T V  input. The FM exciter connects to  the 
transmitter amplifier and frequency multiplier and an isola- 
tion network. 

Reliability and Quality Assurance 
The probability of success for the dual transponder and FM 
transmitter for 200 hours of operation i n  the Apollo mission 
is R=0.999965 for the transponder and k O . 9 9 7 9 9 8  for 
the FM transmitter. Parts and material have been selected 

ic>Collrns Radio Company 1966 
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Unified S-Band Equipment Block Diagram. 

Equipment is qualification tested for manned space flight. 

The Communicutions and Duta Subsystem for the A pollo 
spacecraft was designed and developed by Collins Radio 
Company under contract for North American A viation, 
Space and Informution Systems Division. A s  Subsystem 
Manager, Collins established all equipment specifications 
fo r  both Collins developed and subcontracted equipment, 
coordinated all technical, reliubility, quality, documentation 
and fiscal requirements to  ensure u complete, well inte- 
gruted system. The Unified S-Band Equipment was de- 
signed, developed and manufactured under Collins direc- 
tion by Motorola Aerospace Center, Scottsdale, Arizona 

- ~ ~ -- - 

Specifications 
__  Electrical -. Specifications 
POWER SOURCE: 

and carefully tested to ensure high reliability, and reliable 
circuit performance has been assured by extensive electrical 
and environmental testing and analysis techniques such as 
failure effect evaluation and parts stress analysis. 

This equipment is developed to a quality assurance pro- 
gram incorporating the provisions of NASA Quality Publi- 
cation NPC 200-2, Quality Assurance Provisions for Space 
Systems Contractors. 

3 phase, 115 v ac, 400 cps and +28 v dc. 
INPUT POWER: 
Less than 34 watts ac and 2.4 watts dc. 
Receiver (double heterodyne, phase lock loop) 
FREQUENCY: 
2106.40625 rnc. 
VCO STABILITY: 
*0.002%. 
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TK4CKING THRESHOLD: 
Le\\ than -157 dbw (nominally -165 dbw). 
m U A M I C  R A N G E :  
To 76 db  above thre5hold. 
ACQUISITION RANGE : 
( .ip.thle of 'icqtiiring when the ieceived frequency 15 bwept a t  
a rate o f  35 hcps or les\ out of L 9 0  hc at -144 dbw. 
RANGING rURNAROUND CHANNEL BANDWIDTH: 
I O  hc. to I 2 nic. 
INFOII~IATION CHANNEL BANDWIDTH: 
IO- IO0 hc 

WIDl HAhD PHASE DE7 ECTOR SENSITIVITY: 
I v pc.ih o u t  for I r,idl;in peak carrier deviation. 
1)F RIODI'LATION CAPABILITY: 
I inear from 0.2 radian to 1.5 radians criirier deviation 
RF TRACK O U T P U l :  
0 5 v rni\ 1 'i .iniplitiidc modulation at 50 cps. 
PM I rmiwiilter 

t R t w t  N C ~  : 
240 '21 time\ ieccived frequency or 2287.5 mc ?OOOIS'C In 
the ' t i ix i I i . i iv  o\cill,itoi mode 
POW1 I< o u  1 PlJ r :  
275-300 niilliw,itt\ into <I 1.3. 1 loud at .my ph,t\e angle. 
MODULATION SFNSITIVITY : 
1 radian c'iirier dcvi,ttioii for I v input. C,ip,ible of 2.4 radian\ 
carrier devi,ition 
WIDFRANII MODULATION BANDWIDTH: 
3 0 0  c.p\ to 1.5 rnc. 
I-M I rutictnitfer 
REST FREQUENCY: 
2272 5 mc &455 kc. 

POWER OUTPUT: 
100-145 milliwatts into 1.3: 1 load at any phase angle. 
MODULATION SErdSITIVITY: 
1 mc carrier deviation for 1 v input for frequencies from 300 

cps to 1.2 mc. 

1 mc per volt offset for 1.3 v input for center frequency from 
dc to 500 mc. 

Environmental Specifications -. 

RANDOM VIBRATION: 
Linear increase in level from 0.008 gz/cps at IO cps to 0.06 
g-l/cps at 70 cps. Constant level of 0.06 g-l/cps, 7 0  cps to  2000 
cp\. Time duration 2.5 minute5 in each of three major axes. 
TEM PERATURE/VOLTAGE : 
Continuous operating test conducted with average coldplate 
temperature of 35" F, surrounding air and wall temperature of 
0" F and input voltage set at 113 v ac. Continuoti\ operating 
test conducted with average coldplate temperature of 1 18" F. 
surrounding air and wall temperature of 150" F and input 
voltage \et at 117 v ac. Equipment wbjected to reentry simula- 
tion with no coolant flow with air and wrrounding wall at 
140" F and input voltage set at I 1 7  v ac. 

VACUUM: 
100 hours of operation at 1 x 

Mechanical S p e c i f i c a t e  
SIZE: 
9.5" W, 6" H, 21" D (24.13 cm W, 15.24 cm H. 53.34 cm D ) .  
WEIGHT: 
Les\ than 38 Ibs. (17.22 kg) .  

TV MODULATION INPUT: 

mm Hg. 

Specifications sublect to  change without notice 

-__ 

CO M M U N I CAT1 0 N /CO M PUTATIO N /CONTROL 
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S-Band Power Arnplitier 
APOLLO (BLOCK I I )  

Simultaneous amplification of two frequencies is possible 
by use of two independent power amplifiers. 
Flexibility IS achieved through use of coaxial transfer switch 
which allows either power amplifier to amplify either fre- 
quency. 
Power economy is realized by bypassing the phase modu- 
lated signal around the power amplifier directly to the an- 
tenna when amplification is not required. High or low level 
amplification may be selected depending on communication 
distance. 
Simultaneous transmit and receive functions are provided 
by a triplexer. 
The S-Band Power Amplifier uses a traveling wave tube 
(TWT)  power amplifier to provide high power amplifica- 
tion of the low level outputs of the spacecraft Unified 
S-Band Equipment. The unit contains two independent pow- 
er amplifiers for amplification of the 2287.5 mc phase mod- 
ulated ( P M )  and the 2272.5 mc frequency modulated 
(FM ) input frequencies. 

Either T W T  may be selected for amplification of the 
PM or FM signal. The PM input signal is bypassed (with- 
out amplification) to the antenna jack whenever PM ampli- 
fication is not required. No bypassing capability is provided 
for the F M  signal. 

The S-Band Power Amplifier provides two power levels 
( 11.2 and 2.8 watts) of the PM signal, plus the bypass mode, 

and two power levels ( 11.2 and 2.5 watts) of the FM sig- 
nal. The unit also contains a triplexer to allow use of a 
single antenna for simultaneous transmission and reception. 

The S-Band Power Amplifier is packaged in a single 
sealed and pressurized case. 

Equipment Description 
The S-Band Power Amplifier, operating at both 2272.5 mc 
and 2287.5 mc, provides two selectable operating modes: 
reduced power and full rated power. 

A bypass mode is provided for the PM signal. During 
the PM bypass mode, the 230-365 mw input drive signal is 
routed past the TWT to the triplexer and is attenuated ap-  
proximately 2.6 db at the antenna connector. 

The reduced power mode permits T W T  operation a t  re- 
duced input power and will produce a minimum of 2.5 watts 
for FM and 2.8 watts for PM at the antenna connector. The 
full rated power mode enables maximum output of the 
T W T  and increases the output signal to  a minimum of 11.2 
watts for both F M  and PM channels. 

Should the loss of one or more phases of the 400 cycle 
primary power occur, automatic protection circuits acti- 
vate, immediately switching the power amplifiers off and 
bypassing the PM drive signal to the antenna jack. 

The modes of operation are selected remotely on  the 
Communication Control Panel. One control switch, PRI- 

OCollins Radio Company 1966 
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MARY/SECONDAKY, operates the transfer \witches to se- 
lect the T W T  to be used for amplification of the PM signal. 
The FM drive signal is automatically routed to  the T W T  not 
selected for the P M  signal. 

Another control switch is used to  select FULL POWER, 
OFF, or REDUCED POWER for the T W T  selected for  
PM amplification. When this control switch is in the OFF 
position, the P M  drive signal is bypassed around the TWT, 
through the triplexer and out the antenna connector. 

A third control function applies power to the T W T  not 
selected for PM use and selects the full power mode or  the 
reduced power mode for FM signal amplification. 

The S-Band Power Amplifier contains a triplexer to  put 
both the transmit ( P M  and F M )  carriers on one transmis- 
sion line and allow a receive output from the antenna via 
the same transmission line. The  receive channel of the 
triplexer is centered on 2 106.4 mc. 

The S-Band Power Amplifier requires sources of +28 
v d c  and 1 15 volt line to neutral, 400 cps, 3 phase power for  
operation and utilizes a maximum of 180 watts with both 
TWT amplifiers in full power mode. The  dc power is used 
for switching and control purposes only. 

Reliability and Quality Assurance 
The probability of success of the S-Band Power Amplifier 
is b 0 . 9 9 9 9 3 1  for  200 hours of operation in the Apollo 

lunar mission. Parts and material have been selected care- 
fully, tested, and inspected thoroughly to ensure the highest 
practical equipment reliability. Circuit performance has 
been assured by extensive electrical and environmental test- 
ing and by the use of analysis techniques such as failure 
effect evaluation, parameter variation analysis, and stress 
analysis. 

This equipment is being developed to  a quality assur- 
ance program incorporating the provisions of NASA Quali- 
ty Publication N P C  200-2, Quality Assurance Provisions for 
Space System Contractors. 

Equipment is qualification tested for manned space 
flight. 

- . .  -. 

The Communications and Data Subsy.stem for the 
Apollo spacecraft was designed cind developed by Collins 
Radio Company under contract f o r  North American Avia- 
tion, Space and Information Systems Division. A s  Subsys- 
tem Manager, Collins Radio established ull equipment speci- 
fications f o r  both Collins developed and subcontracted 
equipments, and coordinated all technical, reliability, quali- 
t y ,  documentation and fiscal requirements to ensure a com- 
plete, well integrated system. The S-Band Power Amplifier 
was designed, developed and manufactured by Collins. 
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Specifications 

Electrical Specifications 

POWER REQUIREMENTS: 
115/200 v ac. 3 phabe - 180 watts with both TWT amplifier!, 
in full powcr mode; 80 watts with both TWT amplifier\ in re- 
duced power. 28 v dc - 5 watt5 steady state and 350 watts dur- 
ing \witching for 0.5 \econd maximum. 
INPUT RF DRIVE POWER: 
2287.5 mc (PM) - 230-365 mw; 2272.5 mc (FM)  - 83-132 

niw. 

_ _  ~ _ _ _ _ _ ~ -  

INPUT IMPEDANCE: 
50 ohms (a l l  ports). 

1 h 1 maximum (all ports). 

2287 5 mc ( P M  ) - 1 1.2 watts minimum. 
2272.5 mc (FM ) - 1 1.2 watt\ minimum. 

2287.5 mc (PM) - 2.8 watts minimum. 
2772.5 mc ( F M )  - 2.5 watts minimum. 

INPUT VSWR: 

OUTPUT POWER: 

REDUCED OUTPUT POWER: 

DUTY CYCLE: 
Continuou\. 
OUTPUT IMPEDANCE: 
S O  ohm\ nominal. 

Shall not add more than 0.0 
R F  signal. 

PHASE STABILITY: 
radians rms phase jitter 

P M  BYPASS ATTENUATION: 
2.6 db maximum. 
TRANSMISSION BANDWIDTH (0.5 db POINTS) 
2287.5 mc - 2 2 . 0  mc: 2272.5 mc - k 2 . 5  mc. 

3 the 

RECEIVE CENTER FREQUENCY: 
2 106.4 mc. 
RECEIVE BANDWIDTH (0.5 db POINTS)  : 
2106.4 mc - 2 2 . 0  mc. 
RECEIVE lNSERTlON LOSS: 
2.5 db maximum. 

60 db minimum between PM or FM signal frequencies and the 
receiver output connector. 

RECEIVE ISOLATION : 

Environmental Specifications _ _  _ _ _ _ ~  
RANDOM VIBRATION: 
10-70 cps - Linear increa\e in level from 0.0025 & / c p  to  
0.0187 g'/cps (linear refer\ to a straight line plotted on log-log 
paper). 70-2000 cp\ - Comtant at 0.0187 gL/cps. 

THERMAL: 
Continuous operation with average coldplate temperature of 
+ 118" F. Equipment subjected to tran\ient reentry simulation 
with no coolant Row in coldplate for 1 5 minute$. 
VACU 1J M : 
100 hour\ at 1 x 1 0 - 8  mm Hg. 
SHOCK: 
78 g, 1 I millisecond pulse (non-operating). 

Mechanical Specifications -- 

ENVELOPE SIZE: 
5.75" W, 5.95" H,  22.2" I> (14.61 cm W, I 
D) maximum. 
WEIGHT: 
32 Ibs. ( 14.5 bg) maximum. 

Speccftcationr subiect to change without notice 

I I  cm H ,  6. 9 cni 

CON M U N  ICATION /COM PUTATION /CONTROL 
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saturn command & co~~unica t ions  
s-band transponder 

Under Contract NAS 8-14024 to NASA/MSFC Motorola 
is developing the S-band transponder used for  com- 
mand and communications in stage three (S-IVB) of 
the Saturn V booster for  the Apollo mission. It is 
a phase-coherent receiver-transmitter for establish- 
ing a communication link between the Unified S-Band 
ground station and the Instrument Unit of the Saturn 
V launch vehicle. It functions to: 

.Receive and demodulate command up-data for 
updating the guidance computers. 

0 Transmit pulse code modulated mission control 
measurements originating in the S-IVB and the 
IU to the USB ground stations. 

0 Coherently retransmit the pseudo-random noise 
range code that is received from the ground 
station. 

features 

.Integral up link command de- 
modulator and down link tel- 
emetry subcarr ier  oscillator/ 
bi-phase modulator 

.Dynamic operating range 
greater  than 100 db 

.Coherent AGC 

.Operates over -5OoCto +85OC 
temperature environment 

.Modular design 

.Built to NASA &A specifica- 
tions 

MOTOROLA 1 AEROSHCE CENTER 
8201 East McDowell Road, Scottsdale, Arizona 85252 (502) 947-8111 
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SATURr4 COMMAN E A!IO C0MMUr.I I CAT1 0'1s S -SAF!i3 TRAfiSPON DEP 

Receiver Noisc Fictirc 

Dyiwiiiic Il;~nge 

T h res hold Noi sc na nclw idt Ii 

Stronc Sicmil Noise Rindwidth 

1,onp Gain (Strong Signal) 

P ha se Mu1 t ill 1 i rat  ion 

Transponder Turn Around Ratio 

Tracking Range 

Receiver R-F Bandwidth 

Input Power 

Physical Characterist ics 
Size 

Weight 
Unit is designed to be mounted 
to a flat surface cold plate. 

Environment 

Temperature 

Vibration 

Shock 

Acceleration 

Acoustic Noise 

Radio Frequency Interference 

Vacuum Pressurization 

Grenter tliati 100 dh 

2940 Hz 

5 x 10 sec 6 - I  

11 0- 1/2 

240/22 1 

i 180 HZ 

Transponder includes a four-cavity pre- 
selector for over 100 db rejection at 
frequencies more than 150 MHz f rom re- 
ceiver center frequency. Minimum in- 
formation bandwidth is 3 MHz. 

28 i4 volts d-c at 32.5 watts maximum 

5.4 x 9.8 x 14.9 inches maximum - 6 
mounting holes on multiples 0f 2-inch 
centers. 

20-1/2 pounds maximum 

Mounting surface (-50' to +85'C) 

Random Wave - 18g rms 

5 og 

1 oog 

140 db 

MIL-1-6181D 

15 psig - provisions for dry  nitrogen 
Purging 

Humidity 1 om 
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apollo lunar excursion module [le 
s-band transponder 

Designed under  NASA p r i m e  cont rac t  9-1100, the  L,EM 
t r a n s p o n d e r  provides  up-link voice,  and pseudo-random 
noise  (prn)  tu rnaround ranging  information.  The  down-link 
p r o v i d e s  phase-coherent  p r n  ranging,  t e l e m e t r y ,  voice,  
e m e r g e n c y  keying, te lev is ion ,  o r  biomedical  d a t a  t r a n s -  
m i s s i o n  between the  LEM and E a r t h  for the Apollo miss ion .  
I t  c o n s i s t s  of a phase- locked r e c e i v e r ,  p h a s e  modulator ,  
f requency  modulator ,  and a n  r-f power  a m p l i f i e r  p l u s  
f requency  mul t ip l ie r  chain,  all powered by a dc-to-dc 
c o n v e r t e r .  
Except  for  input and output switching, s ignal  process ing  c i r -  
cu i t s ,  and the frequency modulator, a l l  e lements  of the  t rans-  
ponder  a r e  redundant and compr ise  two receiver- t ransmit-  
t e r s ,  e i ther  of which may be selected for operat ion and the 
o ther  placed a t  standby. 

The  rece iver  opera tes  a t  approximately 2100 Mc andexhibi ts  
a t racking s ignal  threshold of -127 dbm (or  lower)  and a 
s t rong  s ignal  (-50 dbm) t racking loop noise bandwidth of 
3500 c p s  maximum. It is capable of rece iv ingphase-  
modulated s ignals  within a bandwidth extending from lOkc  
to 1.5 Mc. The  t ransmi t te r  supplies a minimum output 
power of 0.75 watt a t  approximately 2280 Mc. The phase 
modulation capabilities are I 4 radians with a modulation 
bandwidth f r o m  100 c p s  to 1.5 Mc. When frequency modu- 
la ted,  the t ransmi t te r  can be deviated 13.5 Mc and will 
accept  modulation frequencies  f rom 1 0  c p s  to 1.5 Me. 

The  t ransponder  p r i m e  power dra in  i s  36 wat ts  maximum. 

features 

P r i m a r y  Communication Link 

The LEM Transponder provides 
the pr imary means of communi- 
cating voice, telemetry, televi- 
sion, and biomedical data from 
LEM to earth. In addition, it 
provides ranging and emergency 
keying functions. 

Standby Redundancy 

Either of the two receiver trans- 
mit ters  can be selected by a 
single switch. 

Frequency Stability 

The Carrie? with either FM o r  
P M  modulation is referenced to 
a stable quartz crystal  which 
provides a 0.0015% stability fig- 
ure. 

Rapid Acquisition 

The transponder will lock to input 
signals which may have sweep 
r a t e s  up to 35 kc/sec/sec. 

The  t ransponder  is packaqed and interference shielded a s  an 
independent L E M  Electronic  Replaceable Assembly, with ap- 
proximately 5-1/8 x 8 x 16-3/4 Inch outline dimensions,  
exclusive of mounting flanqe conduction. The weight i s  
approximately 20 pounds. 

MOTOROLA f AEROSWCE CENTER 
8201 East McDowell Road, Scottsdale, Arizona 85252 (‘602) 947-8111 

- - - - -. 
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LUNAR MODULE S-BAND TRANSPONDEP 

Transponder Opcratlnp: Frsquenctea ............. 
Receiver Dynamtc Range .................... 
R-F Tracking Loop BW (Threehold 2B1) .......... 
Received Information ....................... 
Receiver Tracking Range .................... 
Transmlt ter  Power Output ................... 
Transmit ter  Modulation 

P M  - Wideband 

Bandwidth ........................... 
Sensitivity ........................... 
Deviation ............................ 
PM Narrow Band 

Bandwidth.. .......................... 
Sensitivity ........................... 
Deviation ............................ 
FM 
Bandwidth.. .......................... 
Sensitivity ........................... 
Deviation ............................ 

Power Requirements 
Voltage ............................. 
Power .............................. 

Weight ................................ 
Dimensions ............................ 

MSFN %Bond 
-50 to -127 dbm 

800 cps 
Subcarrier Channel 

*90 kc 

750 mtlllwatts (mim) 

100 cps  to 1.5 Mc 
2 radlans/volt peak 

*4 radians peak 

300 to 3000 cps  

4 radians/volt peak 

2 radians peak 

10 cps to 1.5 Mc 
1.5 Mc volt peak 
*3 Mc peak 

24 to 32 volts dc 

36 watts maximum 

20 pounds 

8 x 5.125 x 16.75 in. 
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apollo csm unified s-band 
equipment - block II 

Motorola’s CW Transponder Section developed the Block 
I1 Unified S-Band Equipment for the Apollo command 
module under contract to Collins Radio Company, Cedar 
Rapids ,  Iowa. The unified S-band equipment provides the 
only r-f link connecting the spacecraft to earth for all 
portions of the mission except near-earth. This equip- 
ment receives and recovers uplink voice and command 
subcarr iers ,  ranging and coherent ca r r i e r  information. 
It transmits a PM coherent ca r r i e r ,  turn-around ranging, 
telemetry, and voice subcarrier signals. Alternate down- 
link voice and telemetry capability without coherent 
c a r r i e r  operation, and a separate wideband FM trans- 
m it ter for downlink TV and data transmission is provided. 

The unified S-band equipment reliability is extremely 
high, since it is configured as remotely switchable, re- 
dundant transponders and power supplies with a separate 
single F M  transmitter and associated power supply. 
This all solid state unit  is packaged in a sealed housing 
with provisions for mounting the unit on a spacecraft 
cold plate. 

features 

THIS TRANSPONDER IS THE 
ONLY LINK CONNECTING THE 
APOLLO ASTRONAUTS TO 
EARTH FROM INJECTIONINTO 
TRANSLUNAR ORBIT THROUGH 
LUNAR LANDING AND RETURN. 

0 Ultra High Reliability through 
design, configuration, compo- 
nents, and workmanship. 

0 Modulation capabilities include 
television, voice, and telemetry. 

0 Two redundant transponders in 
one package. 

n 

MOTOROLA /AEROSlpl9CE CENZER 
8201 East McDoNell Roxi,  Scottsdale, Arizona 85252 (602) 947-811 1 
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UNIFIED S-BAND TRANSPONDER 

block II apollo 
Multtpltcattan Ratio (Xmt/Rec) . . . . . . . . . . . . . .  240/22l 

Receiver Frequency . . . . . . . . . . . . . . . . . . . . . .  2106.40625 M H Z  

P M  Transmit ter  Frequency . . . . . . . . . . . . . . . . .  
FM Transmit ter  Frequency . . . . . . . . . . . . . . . . .  

2287.5 MHz 
2272.5 MHz 

P M  TRANSMITTER 
R- F Power Output . . . . . . . . . . . . . . . . . . . . .  0.250 watt to 0.40 watt 
Modulation Frequency Range 

Wideband . . . . . . . . . . . . . . . . . . . . . . . .  PM: 300 Hz to 1.5 MHz 
Voice . . . . . . . . . . . . . . . . . . . . . . . . . .  PM: 300 Hz to 10 kHz 

Peak Deviation Capability . . . . . . . . . . . . . . . .  
Deviation Linearity . . . . . . . . .  : . . . . . . . . . .  1 a / 2  radians 

+4 radians 
Deviation Sensitivity . . . . . . . . . . . . . . . . . . .  1 radian/volt 

F M  TRANSmTTER 

Modulation (FM) 
R-F Power Output . . . . . . . . . . . . . . . . . . . . .  0.100 to 0.145 watts 

DC to 500 Mfz T V  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wideband . . . . . . . . . . . . . . . . . . . . . . . .  300 Hz to 1.2 M H Z  

+1 MHz Peak Dev. 
Wideband . . . . . . . . . . . . . . . . . . . . . . .  +3 MHz Peak Dev. 

Modulation Range 
TV . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Modulation Sensitivity . . . . . . . . . . . . . . . . . .  1 MHz/volt 
Frequency Stability . . . . . . . . . . . . . . . . . . . .  +0.02% 

RECEIVER 
Tracking Range . . . . . . . . . . . . . . . . . . . . .  +90 kHz 
Predetection Bandwidth . . . . . . . . . . . . . . . . .  15 kHz 
Threshold Noise Bandwidth . . . . . . . . . . . . . . .  
Strong Signal Noise Bandwidth . . . . . . . . . . . . .  
Noise Figure . . . . . . . . . . . . . . . . . . . . . . . .  10.5 db 
Carr ie r  Tracking Sensitivity . . . . . . . . . . . . . .  -37 to - 134 dbm 
AGC Time Constant.  . . . . . . . . . . . . . . . . .  0.3 sec 
Antenna Track AM Output . . . . . . . . . . . . . . . . .  2 volts rms/% A.M.  modulation 

2BL0 = 800 Hz 

2BLSS = 3000 Hz 

GENERAL 
Input Voltage . . . . . . . . . . . . . . . . . . . . . . .  115 VAC, 400 c y d e ,  three phase 
Input Power 

Transponder . . . . . . . . . . . . . . . . . . . .  16 watts 
FM Transmi t te r .  . . . . . . . . . . . . . . . . . .  7 watts 
Weight/Cubage (Approximate) . . . . . . . . . . .  32 lb/1200 cu in. 
Configuration/Dimensions (Approximate) . . .  9 1/24 x 6 x 21 in. 

Temperature: Operating (Coldplate) . . . . . . . .  
-45OF to +150 F 
+320F to +118:F 

Storage.  . . . . . . . . . . . . . . . . .  
Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  High Reliability. 

Turnaround PRN Ranging, wideband uplink 
demodulation, T V  and wideband FM mod- 
ulation, 
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